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Mitsubishi Cable Develops Shape Memory Alloy 
Micro Actuator for Micro Machines 


94P60210A To yo KAGAKU KOGYO NIPPO 
in Japanese 7 Apr 94 p 1 


[Text] Mitsubishi Cable Industries, Ltd. has developed a 
shape memory alloy micro actuator for micro machines. 
An actuator about the size of a human hair, 98 microns 
in diameter, was created through special processing/heat 
treatment technology. Although the actuator is 
extremely small, its reaction rate and operating energy 
are high while the original shape is being restored. The 
new device is expected to be used in oscillating actuators 
for medical equipment such as endoscopes and cathe- 
ters, power supplies for various micro machines, and 
sensors. 


This latest development, achieved under a contract from 
the NEDO (the New Energy and Industrial Technology 


Advanced Materials i 


Development Organization), was part of the “Microma- 
chine Technology” R&D project under the “Industrial 
Science and Technology Frontier System,” administered 
by MITI’s Agency of Industrial Science and Technology. 


This development involved application of the shape 
memory alloy as an actuator by making use of the energy 
and displacement volume it generated while returning to 
its original shape when heated. The newly developed 
actuator is a coil-like shape memory nickel/titanium 
alloy wire of 30 microns in diameter wound around a 
core wire and heat-treated. The coil actuator, 98 microns 
in diameter, is so small that its spring index, which is 
crucial to determine the strength of the actuator, is only 
2, making it most useful as a power source for micro 
machines. 


The developers hope by 1995 to commercialize applica- 
tion of the oscillating mechanism to maneuver actuators 
inside the tubes of catheters and endoscopes when 
heated via laser through an optical fiber. 
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2 Aerospace 


Japan: MHI, KHI To Develop 100-Seat YSX 
Jetliners 


94FE0882 Tokyo NIHON KEIZAI SHIMBUN 
in Japanese 2 Aug 94 p I! 


[Summary] Japanese aircraft manufacturers including 
Mitsubishi Heavy Industries (MHI) and Kawasaki Heavy 
Industries (KHI) have concluded a decision to part.cipate 
in the international joint development of the 100-seat YSX 
jetliner. The Japanese manufacturers were considering a 
joint project either with the U.S. company, Boeing and 
China to develop 100-seat YSX or with European compa- 
nies to develop a 70-seat commuter plane. The manufac- 
turers have conveyed their decision to postpone their plan 
to develop a 70-seat commuter plane. The decision was 
made after the manufacturers came to a conclusion that a 
demand for 100-seat commuter planes would be greater in 
the future. The companies plan to conduct full negotia- 
tions for concrete conditions including design of an air- 
craft body, share of manufacturing, and sites for the final 
assembly with Boeing. 


The YSX project has been supervised under the Ministry 
of International Trade and Industry (MITI) and has been 
conducted through the Japan Aircraft Development Cor- 
poration (JADC) that MHI and KHI have funded. JADC 
has been conducting marketing and feasibility studies 
since 1989. Initially, the plan was to develop a 70-seat 
commuter plane that flies between local areas; however, 
the Japanese manufacturers started negotiating with 
Boet a 1UU-seai plane. They also included 
China, whose aircraft industry market is expected to 
expand in the future, in the project. A 100-seat plane has 
the advantage of flying for medium-distance routes, 
including overseas. 


Although ATR was considered as most likely to be a 
partner to develop a 70-seat plane, JADC and Japanese 
aircraft manufacturers told the European side their deci- 
sion to “postpone the plan to develop a 70-seat plane for 
the time being” during their trip to Europe last week. 


" 9 ’ 
oe on) O Mt FeaVyp 


The Japanese side has already sent engineers to Boeing’s 
headquarters in Seattle to study the feasibility of using 
the same body parts for both the YSX and Boeing’s new 
aircraft, B737-X. 


Trends in Activities Conducted in Microgravity 
Environment in Space 


94FE0742A Tokyo TOSHIBA REBYU in Japanese 
Apr 94 pp 280-281 


[Text] 


Abstract 


Through the opportunity of participation in the Space 
Station Freedom Program, Japan’s national space devel- 
opment plan has been directed toward utilization of the 
unique properties of the microgravity environment that 
exists in space. Practical use of the weightless environment 
of space, coupled with various space projects, is prompting 
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the development of experimental equipment for this pur- 
pose, such as drop shafts, aircraft, sounding rockets, free 
flyers and retrieval capsules. Research into materials, the 
life sciences and physics, aimed at new scientific achieve- 
ments including technical breakthroughs and the establish- 
ment of a space infrastructure in the 21st Century, is being 
carried out under both governmental and corporate spon- 
sorship. 


Introduction 


Up until now, the focus of space development programs 
has been on utilizing its position vis-a-vis the Earth, i.e. the 
high altitudes it affords, to achieve results in fields inti- 
mately tied to our daily lives, such as weather observation, 
satellite broadcasting, satellite communications, global 
environmental measurements and probing for resources. 
But under the 1989 revisions to the ‘““Fundamental Policy 
on Space Development,” Japan’s space development pro- 
gram commenced exploiting the unique environment of 
microgravity. 


Microgravity technology will serve as one of the pillars of 
future space development, and projects aimed at devel- 
oping this technology are being pushed forward by the 
national government and public organizations under the 
guidance of pertinent government ministries and agen- 
cies. The launching in September 1992 of the first 
materials experiments (FMPT) planned as a demonstra- 
tion of space utilization, and the 34 successful tests 
conducted by Japan’s first astronaut aboard that flight 
proved particularly effective at raising interest in exper- 
iments carried out in the environment of outer space. 


Japan’s Microgravity Experiments 


Compared to the United States and Europe, Japan got 
off to a relatively late start in the field of microgravity 
experimentation, and has only been involved in such 
experiments since the mid-1980’s when we were invited 
to take part in the U.S. Space Station Freedom Program 
(for which we are developing the Japanese Experiment 
Module (JEM)). Our undertakings in the realm of space 
environment utilization have emphasized basic, realistic 
scientific verification work, and we have been building 
up our domestic microgravity testing methods and facil- 
ities within this framework. 


At present, our microgravity testing capabilities consist 
of a drop shaft (undergraound weightless test facilities: 
JAMIC), aircraft (MU300) and rocket (TR-1A). These 
facilities and equipment should enable us to promote the 
establishment of basic technologies and to acquire the 
data needed to conduct actual space experiments aboard 
the space station in future. A few examples of technolo- 
gies currently under development include a free flyer, an 
unmanned space laboratory (Space Flyer Unit (SFU)) 
and an auto-return-type recovery capsule (EXPRESS). 


Figure 1 provides the names and brief descriptions of 
Japan’s major microgravity experiment-oriented 
projects currently being pushed forward with the support 
of the national government. 








This report contains information which is or may be copyrighted in a number of countries. Therefore, copying and/or 
further dissemination of the report is expressly prohibited without obtaining the permission of the copright owner(s). 




















JPRS-JST-94-030 
21 September 1994 


Aerospace 3 





Table 1. Space Experiment Programs in Japan 


























Project Overview 

SFU Scheduled for launch/recovery by space shuttle (STS) in January 1995. Joint project of Ministry of Education, 
Ministry of International Trade and Industry and Science and Technology Agency (to carry nine pieces of equip- 
ment, including electric furnaces, scientific experimentation instruments and JEM development equipment). 

IML-2 Scheduled for launch atop H-2 rocket in Juw: 1994. To be recovered by STS. Second international microgravity 
experiment using NASA's propelled space lat;. Japan to furnish six test devices and |2 experiment themes. 

EXPRESS Scheduled for launch atop M-3S-2 rocket in 1994. To \« recovered by capsule. Japan (rocket)-Germany (recovery 
capsule) joint international development experiments. «ive days of catalyst development experiments. 

JEM Scheduled for launch aboard STS sometime in 1998. Permanent operation. Multipurpose lab being developed as 
base for Japan's space experimentation in fields of materials, life sciences, science and engineering and astronom- 
ical observation. 





Microgravity Experimentation at Toshiba 


As its role in promoting space environment-oriented 
projects, Toshiba is undertaking microgravity experi- 
mentation themes focused on the development of essen- 
tial technologies for the creation of a space infrastruc- 
ture, basic technologies related to materials and physical 
phenomena, space robot technology, future communica- 
tions technologies and essential energy technologies. 


In the realm of infrastructure technologies, Toshiba has 
been using aircraft (MU-300 and/or NASA’s KC-135) to 
carry out model experiments and accumulate basic data 
on such essential technologies as a space exhaust heat 
system and deployment mechanisms for large-scale 
space structures. And in fields related to materials and 
physical phenomena, the company cooperated in the 
development of the evaporation equipment used in the 
metal particulate generation tests conducted as part of 
the 1992 FMPT Program, thereby contributing to the 
acquisition of data that shed light on metal solidification 
mechanisms. 


Toshiba was in charge of developing the test equipment 
that made it possible to visualize the growth of organic 
material (succinonitrile (SCN)) crystals aboard the 
sounding rocket TR-1A-3 launched in 1993, where basic 
experiments aimed at learning more about dendrite 
growth were conducted. The company also took part in 
the planning of contaminant diffusion tests in semicon- 
ductor crystals under the SL-D2 space lab project 
launched that same year. These experiments made it 
possible to gather invaluable data under microgravity 
conditions. 


Following up on these experiments, Toshiba is currently 
pushing ahead with the development of experimental 
equipment (TDFU) that will be loaded on the space 
shuttle as part of the IML-2 program. This equipment 
will be used to establish the fluid heat drive technology 
imperative for a large-scale space exhaust heat system. 
The company is also taking part in the SFU program, 
designed to keep the unmanned space lab in low Earth 
orbit for six months. Its role in this project consists of 
developing the samples for compound semiconductor 
crystal growth, which will require a long-term experi- 
ment. Paralleling this work, Toshiba is also developing 


devices for two-dimensional deployment mechanism 
experiments to be carried out aboard the same SFU, 
albeit in that part of the unmanned lab exposed to outer 
space. The company is also undertaking work on exper- 
iment themes related to the development of highly- 
functional component technologies (verification testing 
of highly-functional robot hands aboard Engineering 
Test Satellite (ETS)-7) for robots, which will share the 
burden of assembling and maintaining space facilities, 
essential technologies for solar power generation (micro- 
wave conversion) and basic technologies for the deploy- 
ment of large-scale antennas. 


Technology Outlook 


Phenomena such as non-static pressure, non-convection, 
non-precipitation/sedimentation, non-bouyancy and 
contactless flotation/suspension mauifesi themselves in 
a microgravity environment, making it the perfect envi- 
ronment in which to manufacture superconductors, high 
purity semiconductor materials and pharmaceuticals, as 
well as for the refinement of proteins and enzymes. 


However, the use of the microgravity environment in 
space by Japan and other countries is still in its initial 
stages, and it is expected to take much more time and 
money before wc can progress from testing to commer- 
cial applications. JEM is scheduled to be put into oper- 
ation around the year 2000, and will be capable of 
continuous operation for 30 years thereafter. Our out- 
look for space technology, therefore, will have to be a 
long-term one. 


Metal Gas Evaporation Under Microgravity 


94FE°742B Tokyo TOSHIBA REBYU in Japanese 
Apr 94 pp 284-285 


[Text] 


1. Introduction 


Because metal particles exhibit properties not found in 
the bulk material, applications research is flourishing in 
the hi-tech field of electron materials. These particles are 
produced by thermally evaporating a metal in an inert 
gas. This method has gained attention for its ability to 
produce large quantities of pure particulates. For 
example, heating a metal in argon (Ar) or krypton (Kr) 
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gas diffuses a metallic steam within the gas, which then 
turns into metal particles like fog or snow condensing 
from moisture in the air. Because steam and particle 
clouds rise and drop due to convective forces, the 
particle generation mechanisin is quite complicaied and 
almost impossible to control under conditions on the 
surface of the earth. Conversely, under weightless con- 
ditions, the steam and particle cloud only diffuse within 
the gas, simnlifying the particle generation mechanism 
and making it easier to analyze that process. Weightless 
conditions also enable the formation of uniform parti- 
cles. It was these factors that prompted an experiment 
conducted by Professor Wada et al of the Nagoya Uni- 
versity School of Science as part of “FUWATTO (Waft) 
92.” 


Space experiments are restricted by space and time, a 
fact which prompted Professor Wada et al to prepare in 
advance a set of evaporation bulbs filled with different 
types of gas and featuring different pressure levels and 
other settings, and to opt for an experimentation method 
that called for these bulbs to be exchanged in a sequential 
manner. Toshiba was charged with developing and man- 
ufacturing these evaporation bulbs. This article discusses 
these bulbs, as well as some of the results obtained from 
the experiments conducted in outer space using them. 


2. Evaporation Bulbs 


Figure | illustrates the structure of an evaporation bulb. 
Designed for easy replacement by hand, the bulbs are 
made of hard glass with an outer diameter of 80mm. 
measure 23cm in length and weigh roughly 700g. The 
breakage of glass under conditions of weightlessness 
causes problems that are unthinkable at conditions on 
the surface of the earth. The glass bulbs were therefore 
encased in a protective cover made of polycarbonate. 
Pure silver was the metal used for evaporation purposes. 
To prevent it from dropping, this silver was fused to the 
top of a tantalum (Ta) wire wrapped around the tip of a 
bobby pin-shaped tungsten (W) filament. Fifty (50) mil- 
ligrams of silver was used in each bulb. The inert gases 
used to fill the bulbs were Ar and xenon (Xe). The 
charged pressure inside the Ar-filled bulbs was 6,650Pa 
(50 Torr) and 39,900Pa (300 Torr), while that inside the 
Xe-filled bulbs was 665Pa (5 Torr) and 13,300Pa (100 
Torr). 


The thermocouples used to measure the temperature of 
the filaments were made out of tungsten-rhenium (W- 
Re), an alloy that does not react with silver, and those 
(thermocouples) used to measure the temperature of the 
glass bulbs were made out of platinum (Pt). Piezoele- 
ment-type pressure gauges were also mounted inside the 
bulbs to measure pressure changes during evaporation. 


Also, since there was concern about the possibility of a 
contaminated gas discharge occuring during the long 
storage period between manufacture of the evaporation 
bulbs and their launching into space, extra care was 
given to evacuation, and getters were mounted inside the 
bulbs. 
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Figure 1. Evaporation Bulb Structure 





These various components were assembled to withstand 
the vibration and shock of shuttle launch, and were 
subjected to repeated vibration and shock tests to assure 
their reliability. 


3. Experiment Results 


The space experiment was conducted by inserting these 
evaporation bulbs into a socket, illuminating them from 
the side with a thin slit of light and video taping the 
scattered light reflected off the evaporated particle 
clouds. The filaments were heated for approximately 
three minutes to a temperature of 1,150°C. 


The video tapes and samples from the experiments were 
brought back to Earth, and are currently being analyzed 
at Nagoya University. The following are just some of the 
results obtained thusfar. 


The video tapes showed that the particle clouds in the 
Ar-filled samples and the Xe-filled sample subjected to a 
charged pressure of 665Pa formed almost perfect 
spheres, but the cloud in the Xe-filled sample under 
13,300Pa of charged pressure was unstable and appeared 
to form in an explosive jet of vapor. Due to convection, 
this phenomenon has never been observed under condi- 
tions on the surface of the earth and is therefore of 
considerable interest. It is believed to have occurred as a 
result of the difference between the speed at which the 
metal evaporated and diffused within the Xe gas. 


The recovered metallic particles are currently under 
study, but those retrieved from inside the Ar-filled 
samples were very uniform in shape and size, measuring 
an average 20nm. 
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4. Afterword 


Experiments such as the one just described wherein a 
metal is evaporated within an inert gas under weightless 
conditions are just now getting underway, and already 
we have witnessed an explosive jet of gas never seen 
under |-g conditions. The problem of metal evaporating 
within a gas has been under study at Toshiba Lighting & 
Technology Corporation for some time now with regards 
to the service life of the light bulbs manufactured by that 
company. For this reason, we hope to continue these 
space experiments in future under different conditions. 


Free Dendric Growth Experiment Equipment on 
Sounding Rocket 
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[Text] 


1. Introduction 


The moleculer dynamics and thermal hydraulic phenom- 
enon associated with the solidification process are being 
widely studied as an intricately interwoven non- 
equilibrium process. In particular, the dendrite crystals 
that form during the solidification of numerous mate- 
rials are at the leading edge of solidification research for 
their resemblance to the crystalline structures of snow- 
flakes. In recent years, dendrite crystals have also 
attracted interest in the field of materials engineering in 
connection with the demand for solidification control 
that extends to the microscopic region for functional 
materials, and in the field of basic science 2s a represen- 
tative example of non-equilibrium that exists as a nat- 
ural phenomenon. Research on this subject is being 
pushed rapidly forward in a multidisciplinary fashion. 


Meanwhile, crystal growth experiments and observa- 
tions conducted in a microgravity environment simplify 
the intricate phenomenon of solidification, and provide 
new insights into that phenomenon. Dendritic growth 
experiments conducted in a microgravity environment 
are expected to simplify the thermal hydraulic phenom- 
enon that takes place in the melting liquid by main- 
taining uniform temperature distribution inside the 
experimentation system, and to clarify the physical and 
chemical phenomena that occur in the vicinity of the 
boundary. 


Accord.ng to theoretical models of the growth of typical 
dendrite crystals, these crystals are supposed to exhibit 
changes in their rate of growth and radius of curvature, 
as well as spatial anisotropy as a result of thermal 
convection in a terrestrial or micro-gravity environment. 
Growing crystals in a gravity that is 1/10,000 of terres- 
trial gravity will hold thermal convection in check, thus 
simplifying the growth process compared to what it is 
under micro-gravity conditions. Growing dendrite crys- 
tals under microgravity conditions, therefore, is 
expected to produce a variety of phenomena not possible 
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terrestrially, and should make it possible to quantita- 
tively evaluate the impact of thermal convection on 
solidification’? 


As far as terrestrial technology was concerned, it was 
necessary to develop technology for refining and pre- 
serving samples. And to carry out dendrite crystal growth 
experiments in a microgravity environment, advanced 
temperature control technology for maintaining samples 
in a super-cooled state, and high resolution optical and 
recording systems for in-situ observation had to be 
developed for loading onto a sounding rocket. 


The sample selected for the experiment was a trans- 
parent organic material with a meiting point of around 
58°C called succinonitrile (SCN). SCN is commonly used 
as a sample in dendrite crystal gincwth experiments, and 
met the specifications for a microgravity experiment. 
The National Space Development Agency (NASDA)’s 
TR-IA sounding rocket was chosen as the launch vehicle 
for its ability to achieve the required high precision 
microgravity environment”. 


This article reports on COS, a system for visualizing the 
hydraulic phenomenon accompanying boundary phe- 
nomena in a free dendritic growth experiment conducted 
under microgravity conditions. COS, which was devel- 
oped jointly by Toshiba and the Electrotechnical Labo- 
ratory, was one of seven pieces of experimentation 
equipment loaded on the TR-IA-3 launched from the 
Tanegashima Space Center in September 1993. 


2. Outline of Experiment 


The sounding rocket TR-IA-3 was a 13.4m-tall single- 
stage solid propellant rocket capable of establishing and 
maintaining for six minutes a microgravity environment 
less than 1/10,000 of terrestrial gravity. Following the 
experiment, the rocket splashed down in the ocean, 
where it was recovered 13 minutes later. Figure | shows 
the flight plan for the TR-IA-3. 


For the crystal growth experiment, a high-purity sample 
placed inside a transparent quartz container was main- 
tained in a super-cooled state with uniform temperature 
distribution during the flight. The experiment com- 
menced once a microgravity environment had been 
achieved and the sample exhibited free dendritic growth 
inside the melting liquid. This phenomenon was video- 
taped in-situ, and the video tapes were then analyzed 
after recovery of the vehicle. 


3. Configuration of the COS System 


The COS system was comprised of an experiment cell, an 
optical system, a recording system, a power source 
system and a control system. These systems were all 
mounted to a 971.5 x 5.2cm honeycomb-construction 
base plate made of aluminum. 


The total mass of the COS system worked out to 30.8kg, 
which brought it in under the 35kg mass specification. 
Figure 2 provides an overview of the COS system. 
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Figure 1. TR-IA-3 Flight Plan (The rocket negotiated a 
parabolic orbit, during which it achieved microgravity 
for 6 minutes, between 80 seconds and 441 seconds after 
launch) 








CCD Camera Controfier 


Figure 2. Overview of COS System (The optical systems 
are lined up in front and in back of the centrally 
mounted experiment cell to establish a light path.) 





The experiment cell consisted of an external cell and an 
internal cell. For the sake of optical precision, the 
internal cell was constructed of quartz in the shape of a 
block 2.7 x 2.9 x 2.7cm. Protruding into the center of the 
block was a capillary tube measuring 4mm in length with 
an inner diameter of 5Oum, inside which was a 91.7 x 
2.3cm empty cylinder for storing the sample. The 
external cell surrounding the internal cell was a stainless 
steel container measuring 10.3 x 7.1 x 6.3cm, which used 
demineralized water as a thermal storage material. The 
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Figure 3. Cross Section of Experiment Cell (A crystal- 
line germ or nucleus formed under the nucleus gener- 
ating device and the crystal grew in a 4mm radius. 





external cell served as a hot bath for the internal cell. In 
designing the heat and structure of the internal cell, the 
developers took into consideration the temperature tran- 
sition time of the cell filled with the SCN, as well as the 
time for observing the growth of the crystal under 
microgravity conditions. Also, a one-dimensional heat 
equivalence model was used to clarify the temperature 
distribution at the tip of the capillary tube (crystal 
growth area), and a crystalline germ or nucleus genera- 
tion start signal shed light on response characteristics. 
This data was then used as reference in setting the 
experiment sequence and parameters. Figure 3 provides 
a cross-sectional view of the exper:ment cell. 


The observation system comprised an optical sysiem, a 
light source and a video recording system. 


The optical system employed a color schlieren apparatus 
equipped with tri-colored filters arranged in concentric 
circles to observe in-situ the temperature distribution 
manifested as changing colors in the crvstal growth area 
at the tip of the capillary tube. The light source consisted 
of a halogen lamp. This lamp was placed inside a 
container that employed parafin as a thermal storage 
material to prevent filament breakage due to the heat 
generated by the lamp and to ease the impact of this heat 
on the surrounding equipment. Finally, the video 
recording system utilized a high-resolution 400,000- 
pixel charge-coupled device (CCD) camera to measure 
the rate of growth at the tip of the crystal and to observe 
in detail the thermal hydraulic phenomenon of the 
boundary. In designing the optics for these components, 
the developers satisfied specifications while taking into 
consideration the focal range, visible radius, resolution, 
radius of curvature at the tip of the crystal, super-cooling 
temperature and observation time. To enhance color 
resolution, a Hi-8 (Sony trademark) video tape recorder 
(VTR) was loaded on the rocket - the first time such a 
recorded was used on this type of sounding rocket - to 
record images. The Hi-8 VTR is capable of reproducing 
images at a horizontal resolution of 400 elements, thus 
complementing the high-resolution performance of the 
CCD camera. The Hi-8 has nearly twice the horizontal 
resolution of the VTRs used in experiments carried out 
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on sounding rockets to date. Since the basic components 
of the Hi-8 VTR used for this microgravity experiment 
were manufactured for commercial applications, prior to 
mounting it in the rocket, it was necessary to improve 
the VTR’s tape running line to withstand vibration, and 
to encase it in a sealed container to prevent tape misruns 
under reduced pressure. 


The power source system consisted of a battery and a 
DC-DC converter. A 28V, 4A/h nickel-cadmium (Ni-Cd) 
battery was used to meet the power demands of the 
experiment. The DC-DC converter served to adjust the 
battery voltage and distribute power to each component 
of the COS system. 


4. Refinement and Injection 


The purer the SCN, the more sensitive it is to the melting 
point temperature, which meant that a high-purity SCN 
material had to be used as a sample in the experiment. 
The SCN was therefore distilled under reduced pressure 
and subjected to repeated zone refining as many as 70 
times. The sample was injected into the internal cell at a 
reduced pressure of 10°° Torr. The injection process was 
carried out consecutively with the refining process to 
prevent contamination from the atmosphere following 
refinement. Figure 4 provides an illustration of the 
refinement/injection apparatus developed for this pur- 
pose. Apparatus for Zone Refining and Distillation 


5. Afterword 


After confirming through functional performance tests 
ané@ environmental (vacuum, vibration) tests that the 
“OS system was capable of standing up to the mgors of 
space flight, it was loaded on the TR-IA-3 sounding 
rocket. The COS was safely recovered following its 
return to Earth, and the temperature field generated 
around the crystal under mnicrogravity conc..ions is 
now under analysis. Figure 5 shows a photograph of a 
dendrite crystal grown in an experiment conducted here 
on Earth at surface conditions. The cell temperature 
during the flight was precisely controlled to within a 
mean square error of 0.0049K from the set temperature 
of 56.69°C. This was the first time temperature control 
of this precision had been achieved aboard a domestic 
sounding rocket. 


Research on dendrite crystal growth has been carried out 
from a variety of perspectives for over 30 years since the 
famous Dr. Nakatani first researched the crystal struc- 
tures of snowflakes. Numerous experiments involving 
the three-dimensional growth of dendrite crystals in a 
microgravity environment have either been carried out 
or are in the planning stages, and as one of these, our 
experiment will contribute to a clearer understanding of 
crystal phenomena. 
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Figure 5. Dendrite Crystal Grown Under Conditions on 
the Surface of the Earth (Temperature changes in the 
vicinity of the boundary can be seen as color 
differences.) 
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1. Introduction 


Beginning with the Space Shuttle, a variety of means are 
now available for carrying out experiments on materials 
under microgravity condiiions. However, when it comes 
to space experiments involving the growth of semicon- 
ductor crystals, there have been numerous constraints 
from the standpoints of growth time and temperatures, 
and safety, and there are also a limited number of 
materials capable of being experimented on in this way. 
The Space Flyer Unit (SFU) scheduled for launch atop 
the H-2 rocket in February 1995 is a long-flying 
unmanned satellite that can sustain a heretofore 
unachievable high-quality microgravity environment 
(10°G) for up to six months''’. The space experiment on 
the crystal growth of compound semiconductors uti- 
lizing the SFU, a project being promoted by the Institute 
for the Unmanned Space Experiment Free Flyer (USEF), 
will make it possible to grow crystals in a microgravity 
environment, something that has been impossible up to 
now due to the long hours required for such growth. 


Three types of electric furnaces can be utilized aboard 
the SFU: a composite furnace, a simple furnace and a 
focal point furnace. This will make it possible to carry 
out eight crystal growth experiments using four different 
growth methods. These growth methods are the melt, 
liquid phase and vapor phase growth methods, and the 
travelling heater method (THM). Toshiba will be in 
charge of carrying out InGaAs crystal growth experi- 
ments using the focal point furnace and THM. 


2. Mixed Crystal Growth and Space Experiments 


The mixed crystals comprising compound semiconduc- 
tors are grown as thin films, or epitaxial layers on top of 
substrate crystals, and are used in the manufacture of 
various types of semiconductor devices. The inhomoge- 
neity of the composition of a mixed crystal at both the 
macro and micro levels affects the mixed crystal mate- 
rial. Growing mixed crystals in a microgravity environ- 
ment is expected to eliminate convection due to differ- 
ences in density in the melt and to control diffusion 
during heat and substance transport, which should result 
in a mixed crystal with homogeneity, something that 
cannot be duplicated under terrestrial gravity condi- 
tions. The purpose of the planned space experiments is 
to confirm the existence of the just-described phe- 
nomena. 


In addition to its impact on the composition of the 
mixed crystal, the non-convection effect should also 
change impurities distribution and eliminate growth 
striations; change the shape of the solid-liquid interface 
and eliminate the compositional super-cooling state 
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brought on by convective movement; and change the 
state in which twins are generated and polycrystals are 
grown as a result of these conditions’. The microgravity 
effect will also provide the opportunity to study the 
effects brought about by the wetting state between the 
melt and the crucible. Finally, the elimination of density- 
variance convection is expected to clarify the existence 
of Marangoni convection and shed light on its effects on 
crystal growth. 


3. Focal Point Furnace and THM 


THM is a method for growing a bulk single crystal on a 
seed crystal by localized heating of a solvent layer 
sandwiched between a seed crystal and base material 
crystal. As the heating location is steadily moved toward 
the base crystal side, the higher temperature at the 
solid-liquid interface of the base crystal melts the crystal, 
generating crysta! growth at the solid-liquid interface on 
the lower-temperature seed crystal side. The principle at 
work here matches the composition of the growth crystal 
to that of the base crystal as crystal growth progresses in 
a stationary state, making THM a suitable method for 
growing mixed crystals, the composition of which must 
be controlled’. 


The experiments to be conducted aboard the SFU will 
make use of a simple ellipsoidal mirror-shaped focal 
point furnace equipped with a halogen lamp heat source 
like the ones used in localized furnaces (Figure |). The 
growth sample will be contained inside an ampule, and 
mounted at the location of the focal point on the other 
side of the mirror furnace. 


The configuration of the sample and growth conditions 
must be optimized to achieve a sufficient crystal growth 
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Figure 1. Schematic Diagram of Focal Point (Mirror) 
Furnace and Sample for Use in THM Crystal Growth 
(Heat source is a halogen lamp, sample is contained in 
quartz glass ampule, and growth is generated by moving 
the heating 
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Figure 2. Cellular Growth in InGaAs Crystal Grown By THM In Conditions on the Surface of the Earth 





rate and maintain a normal state of crystal growth on the 
seed crystal. If the heating position is moved too rapidly, 
a compositional super-cooling state is generated that 
does not allow crystal growth to keep pace with the 
movement of the heating position, causing abnormal 
growth to occur. In order to analyze this phenomenon, 
Toshiba developed a THM growth simulation program 
incorporating the relationship between the equation of 
heat conduction, and the diffusion equation and thermo- 
dynamical equilibrium, and used this program to ana- 
lyze mixed crystal growth. 


4. Terrestrial Growth Experiments 


THM generates crystal growth by imparting to the sol- 
vent layer a steep peak-shaped temperature distribution. 
Simulation indicates that the temperature difference 
reaches 50°C between the solid-liquid interfaces at both 
sides of the solvent layer. A large temperature distribu- 
tion such as this can be expected to generate a prominent 
natural convection inside the solvent layer, but a con- 
spicuous non-convection effect should manifest itself 
during crystal growth using THM in a microgravity 
environment. In 1-g growth experiments conducted to 
date, a number of phenomena have been uncovered that 
are believed to be attributable to the effects of natural 
convection. 


Figure 2 shows a cross-section of a crystal grown in a 
transparent quartz glass ampule using (100) GaAs as the 
seed crystal. As you can see, in the growth layer directly 
above the central part of the seed crystal, there is a 
pattern showing where cellular growth in the form of a 
growth boundary at the (111) crystal plane was generated 
and then disappeared. Cellular growth is a growth pat- 
tern that most often appears as a precursor to dendritic 
growth resulting from the generation of compositional 
super cooling. and the appearance and disappearance of 
cellular growth is indicative of the temporary generation 
of a state of rapid solute supply. It was concluded that 
this cellular growth pattern was generated as a result of 
the rise and eventual attenuation of a severe natural 
convection during the initial heating process whereby a 


stable solid-liquid interface was formed in an experiment 
where growth was discontinued in the initial growth 
stage. Fluctuations can be seen in the composition of the 
mixed crystal in the area where this cellular growth 
occurred, and this indicates that convection is the cause 
of inhomogeneity. Cellular growth such as this observed 
in a surface condition environment is expected to disap- 
pear under non-convection conditions. . 


The striations that appear on the surface of crystals as a 
result of differences in etching rates are called growth 
striations, and occur due to fluctuations in the doped 
impurities. Typical periodic growth striations like those 
shown in Figure 3 (a) were observed on THM-grown 
InGaAs crystals that had been rotated during the growth 
process. Irregular growth striations such as those shown 
in Figure 3 (b) occured when the sample was not rotated 
during the growth process. Because these kinds of growth 
striations are the cause of characteristic fluctuations in 
micro-devices manufactured in substrates comprised of 
these crystals, the growth of striation-free crystals is a 
widely occurring theme in crystal growth technology. 
The cause of growth striations in non-rotated THM- 
grown samples ts attributed to natural convection in the 
solvent layer, and is expected to disappear under non- 
convection conditions. 


The growth of crystals grown using THM is strongly 
influenced by the container they are grown in. When the 
ampule is made of transparent quartz glass, the solvent 
layer wets the quartz glass surface. When this happens, it 
is impossible to obtain a single crystal that is more than 
4mm thick measured from the seed crystal interface. 
This is because the solvent layer repeatedly oozes out the 
gap between the ampule and the crystal, stopping the 
progress of normal growth. 


We therefore roughened the inner surface of the ampule 
creating a non-wetted state between the solvent layer and 
the quartz glass, thereby inhibiting the solvent layer from 
oozing out during the growth process. Figure 4 shows a 
cross-section view of the crystal grown in this inner- 
surface roughened ampule. The single crystal area on the 
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Figure 3. Growth Striations in InGaAs Crystals Grown in Surface Conditions using THM 





seed crystal was as wide as the diameter of the sample 
and then again as long. Although a twin was generated, 
the single crystal exhibited stable growth. We found that 
the growth interface of this crystal was shaped like a 
“W,” and that this shape is what caused the twin to form 
from the surface of the ampule wall. This “W” shape 
matched up with the shape of the growth interface 
achieved during simulated growth when a natural con- 
vection existed. When experiments are conducted in 
outer space, the changes in the shape of the growth 
interface as a result of the elimination of natural convec- 
tion, and microgravity-generated changes in the contact 
state of the surface of the solvent layer and the inner 
walls of the ampule are expected to inhibit the genera- 
tion of a twin, and to further expand the area of the 
single crystal. 


5. Space Experiments and Evaluations 


Based on our terrestrial crystal growth experiments at 
conditions on the surface of the earth, we decided the 
conditions for Toshiba’s space crystal growth experi- 
ments by evaluating via simulation tests the loss of the 
natural convection-generated solute transport effect in 
outer space. Table | lists the main conditions decided 
on. The space experiments will be carried out using three 
growth samples, with furnace travel rate and sample 
rotation as parameters. The furnace travel rate will be 
designed to evaluate the effects of non-convection on 
crystal growth phenomena generated pursuant to com- 
positional super cooling, and the non-rotation of the 
sample is designed to evaluate ‘he non-convection 
effects in a state free of rotation-zenerated temperature 
fluctuations. 





Conditions for SFU Space Experiment on Growing 
InGaAs Crystals Using THM 




















Experi- Heating Furnace Heating Sample 
ments Tempera- Travel Time Rotation 
ture Rate 
Growth | 950°C 0.12mm/h 86h Irpm 
Growth 2 950°C 0.24, 36h, Irpm 
0.48mm/h 
-_—-——- 
Growth 3 950°C 0.12mm/h 86h Orpm 
Measured 950°C 50mm/h 7.6h Orpm 
Tempera- 
ture 

















Once the samples have been recovered following the 
space experiments, we plan to evaluate these samples 
crystalographically, electrically, optically and thermally, 
and to compare them with samples grown under micro- 
gravity conditions to determine the effects of micro- 
gravity on crystal growth from the standpoints of the 
distribution of impurities, crystal defects (dislocations) 
and mixed crystal composition. 


6. Afterword 


We have finished submitting our flight samples, and 
from now on, will be preparing to support our space 
experiment and to analyze and evaluate the samples 
once they are recovered. We will take all the steps 
necessary to ensure significant results. 
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1. Introduction 


The main objective of two-dimensional deployment 
technology is to fold objects up as small as possible for 
launching aboard rockets from Earth and then open 
them back up to their full size once in orbit. 


Huge amounts of kinetic energy are required every time 
a rocket launches a man-made satellite into orbit around 
the Earth. The capabilities of these rockets severely 
restrict the size and weight of the satellites that can be 
loaded on to them. Two-dimensional deployment tech- 
nology has its origins in the need to be able to fold up 
certain components of a satellite at launch time ard then 
open them up again once in orbit. And if these deploy- 
able components can be made sufficiently lightweight, 
this technology should hold great promise for future 
space development. 


With a view toward future possibilities for space devel- 
opment, the Institute of Space and Aeronautical Science 
(ISAS) is planning to carry out two-dimensional deploy- 
ment experiments aboard the Space Flyer Unit (SFU) 

A 


while it is in orbit, and Toshiba was in charge oi 
developing the flight model for these experiments. 


2. Purpose of Two-Dimensional Deployment 


There are a number of technologies whose performance 
would be greatly enhanced by the deployment of two- 
dimensional membranes. 


One such technology is solar power generation. The 
tendency in recent years has been toward larger satellites 
equipped with ever higher functions, which has led to 
increasingly greater power demands. The most widely 
used means of generating power in space is the use of 
solar cells to convert abundant solar energy to electricity. 
Up until now, the most often used method for increasing 
electric power capabilities in space has been to arrange 
solar cells on the surface of a large one-dimensional 
membrane deployed while in orbit. However, by making 
use of two-dimensional deployment technology, it will be 
possible to deploy membranes with surface areas larger 
than those possible with one-dimensional techniques, 
and to significantly increase the amount of power 
capable of being supplied. If we can deploy a solar cell 
array with a surface area several square kilometers in 
size, then we will be able to realize solar power- 
generating satellites that use microwaves to supply ter- 
restrial facilities with electric power generated in orbit. 


Two-dimensional deployment technology will also make 
it possible to develop systems capable of navigating 
throughout the solar system using solar sails comprising 
membranes with iarge surface areas deployed while in 
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orbit. Solar energy and solar winds possess momentum, 
and when they strike an object, there is a reaction, albeit 
very slight. A solar sail is a large membrane deployed in 
space that will exploit solar winds and solar energy to 
navigate a space ship through the solar system in the 
same way ocean-going sailboats use terrestrial winds to 
navigate the seas. In principle, operating this solar sail 
will enable a space ship to fly throughout the solar system 
forever, or at least as long as it wants to, without the need 
to use fuel for propulsion. However, there are a number 
of problems remaining concerning how best to unfurl 
this “‘sail.”” Since developments in two-dimensional 
deployment technology will make it possible to deploy 
membranes with large surface areas in orbit, this tech- 
nology has the capabiliity of bringing us that much closer 
to realizing solar sails. 


Two-dimensional deployment technology will be 
matched up with future space development needs in this 
way. 


3. 2D Array Mechanism 


In the past, solar paddles for use on satellites folded their 
rectangular surfaces longitudinally just like bellows or 
folding screens. This approach enabled the length of 
these objects to be considerably shortened when folded, 
but their width remained the same. This method can be 
applied to folding up membranes several meters wide by 
several dozen meters long for use as solar paddles on 
conventional satellites, but a membrane several 100 
square meters, or several square kilometers in size folded 
using this approach would be extremely large. 


Figure | illustrates the Miura folding technique devel- 
oped by former ISAS Professor Miura as a means of 
folding membranes. When we fold a piece of paper, we 
ordinarily fold it so the crease or fold forms a right angle. 
But, by configuring the entire membrane surface as a 
collection of parallelograms that possess non-orthoganal 
angles at their folds, we can deploy the membrane into a 
flat surface simply by pulling the two outermost surfaces 
of the folded membrane away from each other. The 
advantage of the Miura folding technique is that the 
surface of the membrane can be reduced both longitudi- 
nally and width-wise at the same time, making this 
approach well suited for use with large membrane struc- 
tures for use in outer space that must be capable of being 
efficiently stowed away. 


A flight model, or 2D array, was developed by Toshiba 
based on future trends, and will be used in space exper- 
iments designed to verify whether a membrane folded 
using the Miura technique can be deployed and stowed 
away again in outer space, and to determine what kind of 
dynamic characteristics this two-dimensional deploy- 
ment technology will exhibit in space. The experiment 
calls for repeatedly deploying and stowing away the 
folded membrane dozens of times during a roughly three 
month-long orbital flight. Figures 2 and 3 provide exte- 
rior views of the 2D array. Figure 2 illustrates what the 
membrane, folded using the Miura technique, will look 
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Figure 1. Miura Folding Technique (A single piece of 
paper can be folded both lengthwise and width-wise by 
making the folds parallelograms.) 





like as it is being deployed. And Figure 3 provides a 
photograph of what the membrane looks like when its 
folded and stowed away. The membrane will be 
deployed and stowed using two extending masts (exten- 
sible storage-type masts driven by an internal motor), 
and the membrane itself will be constructed of a plastic 
film material capable of withstanding heat and radia- 
tion. Variously shaped membranes can be folded using 
the Miura technique (it is not limited to square mem- 
branes by any means). For the 2D array, we decided on 
a triangular shape to facilitate deployment using the dual 
extensible mast system. 


Also, becuase the SFU is to be recovered by the United 
States’ National Aeronautics and Space Administration 
(NASA)’s Space Shuttle, the 2D array is equipped with 
separation and ejection functions as well. The SFU with 
its 2D array payload will be launched atop Japan’s H-2 
rocket, but after finishing its orbital experiments, it will 
be recovered by the Space Shuttle. Therefore, if deploy- 
able structures such as the 2D array cannot be stowed 
away inside the SFU, then the SFU will not be able to fit 
inside the Space Shuttle’s cargo compartment and 
cannot be recovered. The highest priority in this project 
is to get the SFU safely back on the ground. For this 


JPRS-JST-94-030 
21 September 1994 








ee | , a PE 
Figure 3. Stowed 2D Array (The membrane is stowed 
inside the white board. The extensible masts and mast 


¢rive mechanism are stowed in two locations inside the 
triangle pole.) 





reason, should there be a problem in stowing the 2D 
array away, it will have to be equipped with a function 
for separating it (2D array) from the SFU. At recovery, 
ground control will monitor signals from the SFU to 
confirm whether or not the 2D array is stowed normally, 
and if it is not, ground control will transmit a separation 
co-nmand that will cause a spring mechanism built into 
the 2D array to operate and gently eject it into space, 
where it will be abandoned. 


4. Current Status of the Flight Model 


Prior to launching the 2D array into orbit, we had to 
confirm under conditions on the surface of the earth 
whether it was capable of being deployed and stowed in 
outer space. However, because the 2D array was 
designed to operate under the microgravity conditions of 
an Earth orbit, if we were to try to deploy it as-is here on 
Earth, the membrane and extensible masts would break 
under their own weight. To simulate a microgravity 
environment for testing the deployment and stowage of 
the 2D array under conditions on the surface of the 
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earth, we attached wires to the ceiling in such a way that 
they would follow the movements of the membrane 
when its was deployed and stowed, and suspended the 
membrane from these wires at the peaks in its folds. And 
for the extensible masts, we anchored rails to the floor 
and set up sleds to run smoothly along those rails, then 
arranged the masts so these sleds would support their 
weight. By testing the deployment and stowage of the 
membrane and masts in this way, we were able to 
confirm that the membrane we had developed and 
folded using the Miura technique was capable of being 
deployed and stowed using the extensible masts. 


We also carried out simulated environmental tests to 
confirm that the 2D array would be capable of with- 
standing the environments it will encounter at launch, in 
orbit and upon re-entry and touchdown. As for vibration 
and load at launch and touchdown, the acceleration of 
the board that the membrane will be stowed in will 
generated forces dozens of times in excess of Earth 
gravity. Through vibration testing, we determined that 
the 2D array is capable of withstanding the loads it will 
be subjected to at launch and touchdwon, and confirmed 
the validity of the mathematical models we used to 
evaluate the structural strength of the array. We also 
placed the 2D array in a vacuum chamber and subjected 
its equipment to thermal vacuum testing to confirm 
whether or not they are capable of withstanding a 
thermal vacuum environment. Via these tests, we also 
evaluated the validity of thermal and mathematical 
models we had developed for this purpose. 


Finally, there are the NASA Safety Inspections that 
apply to the 2D array which will be loaded on the SFU to 
be recovered by the Space Shuttle. These safety inspec- 
tions got underway when the initial and detailed designs 
for the SFU and its equipment were established. The 
final inspections will be conducted once testing of the 
flight model is complete. These inspections are appli- 
cable since the 2D array-loaded SFU is to be recovered 
by a manned Space Shuttle. They are therefore designed 
to determine whether any safety problems are involved 
in loading the SFU and its payload aboard the Space 
Shuttle, and whether or not this recovery poses a threat 
to human life. These inspections are extremely thorough, 
and look at safety latitudes for each and every part, 
checking the validity of strength computations, looking 
for errors in the load factors, determining whether the 
materials used are suitable and whether the surface and 
edge processing is appropriate, and studying, in the event 
damage should occur, whether or not that damage will 
impact other parts of the ship. 


5. Afterword 


The technology for deploying a membrane two- 
dimensionally while in orbit is at the cutting edge of 
deployment technology, and the planned experiment to 
deploy a membrane simply be pulling it in two directions 
will be a world first. This in-orbit experiment using the 
2D array is expected to enhance technology for 
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deploying structures two dimensionally, and should 
spawn new methods for using this technology. 


Energy Transmission Experiment in Space 
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[Text] 


1. Introduction 


The basic concept for a power-generating satellite was 
proposed by P. E. Glaser in 1968. Glaser believed that 
the Earth’s environment would break down by the 21st 
Century if mankind continued to consume fossil fuels as 
it was at that time. Then came the “oil shock” in the 
mid-1970’s, and the United States Department of 
Energy (DOE) teamed up with the National Aeronautics 
and Space Administration (NASA) in 1978 to carry out 
a large-scale feasibility study on “The Creation and 
Evaluation of a Concept for Solar Power-Generating 
Satellites.""’? The system studied at that time later 
became known as the reference system for power- 
generating satellites. 


Upon entering the 1980's, the scale of this reference 
system had grown to 300GW, and had become extremely 
expensive, and this, combined with the improvement of 
the oil situation, resulted in the discontinuation of the 
project. However, with the onset of the 1990's, and 
problems such as acid rain and the greenhouse effect 
brought on by excess CO, in the atmosphere, attention 
once again focused on environmental problems on a 
global scale, and international participants ai the “Earth 
Summit” in Rio de Janiero agreed to institute various 
Earth regeneration programs. The main themes put 
forward in these programs called for efforts beginning in 
the 1990’s and continuing through the 2060’s aimed at 
promoting energy conservation, introducing means of 
generating green energy, the development of environ- 
ment preservation technologies such as alternatives to 
CFCs, the expansion of CO, absorbing regions through 
the greening of the world’s deserts and the development 
of innovative next-generation sources of energy such as 
power-generating satellites. The goal behind the promo- 
tion of these various themes is to achieve by the year 
2100 a total discharge of greenhouse effect gases that is 
less than the amount of these gases present in the 
atmosphere in the early 1990's. 


Here in Japan, too, we have undertaken certain Earth 
regeneration programs, one example being the 
“Research on Space Power Generation Systems'??,” 
being carried out as part of the Sunshine Project spon- 
sored by the New Energy and Industrial Development 
Technology Organization (NEDO). 


The concept behind a solar power-generating satellite 
system, as was also specified in P. E. Glaser’s patent’, 
calls for collecting energy in solar cells floating in outer 
space, then using microwave technology to transmit that 
power to Earth, where a rectifying antenna (rectenna) is 
used to convert the microwave energy into direct cur- 
rent. The advantage of using the environment in outer 
space to perform the task of collecting solar energy is the 
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enormously increased solar utilization ratio afforded by 
outer space, where there is no day-night cycle and where 
weather conditions are not a factor. Microwave power 
transmission and receiving technology will be essential 
to solar power-generating satellite systems. 


Microwave power transmission is accomplished using a 
retrodirective system wherein a pilot electric wave is 
transmitted to the power-generating satellite from the 
terrestrial power reception base. Upon receiving this 
pilot electric wave, the satellite transmits a huge electric 
power beam back along the path of the pilot wave to the 
terrestrial receiving station. With this approach, even if 
the large-diameter antenna on the power-generating sat- 
ellite should become warped or slanted, the satellite can 
always send an electric wave of the same state to the 
terrestrial receiving base. 


The spatial power transmission technology that utilizes 
this microwave is the key to a solar power-generating 
satellite system, and various companies are testing this 
technology. 


In the United States, the Jet Propulsion Laboratory 
teamed up with the Raytheon Company in 1975 to 
conduct experiments with this technology, successfully 
transmitting 30kW of power a distance of 1.6 kilometers 
at ground level’. In Japan, outer space microwave 
power transmission experiments were carried out in 
1982 (MINIX) and again in 1992 (ISY-METS) under the 
leadership of Professor Matsumoto of Kyoto University 
to investigate the mutual interference of a high-power 
microwave and the ionosphere”). This experiment was 
the first of its kind in the world, and was highly 
acclaimed for transmitting electric power via micro- 
waves in outer space. 


Also, in 1991, to confirm the functions and performance 
of the transmission antenna to be used in the ISY-METS 
experiment, Japan conducted the MILAX experiments 
in which electric power was transmitted to a model plane 
for roughly 40 seconds as it flew at an altitude of 10 
meters‘”’. 


The remainder of this article deals with the 
rectenna‘’’®)?) designed and manufactured by Toshiba 
under the guidance of the Ministry of Posts and Tele- 
communications’ Communications Research Labora- 
tory (CRL) for use in the ISY-METS space power trans- 
mission experiment. 


2. ISY-METS® 


When a microwave power transmission beam is sent to 
Earth from a solar power-generating satellite, it (the 
beam) will be effected by the ionosphere in a variety of 
ways. The major effects expected to take place will be the 
excitation of plasma waves by nonlinear processes and 
the heating of plasma in the ionosphere. Quantitative 
evaluation tests on these phenomena will be needed to 
determine the parameters for future space-based solar 
power-generating satellites. The ISY-METS experiment 
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Figure 1. Three Stages of the ISY-METS Experiment 





discussed below had two objectives: an engineering 
experiment to confirm the performance of microwave 
beam control technology in a space environment, and a 
scientific experiment designed to study the mutual inter- 
action of microwaves and ionized plasma. 


2.1 Overview of Experiment 


The ISY-METS experiment utilized a parabolic orbit 
with a maximum altitude of 280 kilometers. Just prior to 
reaching the apex of the orbit, the secondary rocket 
separated from the primary rocket, and when it is 5 
meters away, the primary rocket transmitted a micro- 
wave beam to the secondary rocket and observed the 
interference with the ionized plasma. Next, the sec- 
ondary rocket approached to within about one meter of 
the primary rocket. Beam control performance was then 
confirmed using the resulting changes in distance and 
orientation. Figure | diagrams the various stages of the 
experiment. 


2.2 Payload Configurations 


Figure 2 illustrates the configuration of the payload 
sections of the ISY-METS rockets. The primary rocket 
was equipped with four phased array antenna paddles, a 
phase conjugacy circuit, a controller and batteries. The 
secondary rocket was outfitted with two rectenna pad- 
dles, a pilot electric wave transmission device and wave 
plasma observation equipment. 


2.3 Power Transmission System 


The secondary rocket transmitted a pilot wave to the 
primary rocket. Each element of the phased array 
antennas on the primary rocket received the pilot wave 
at a phase corresponding to its own location. Then each 
element of the phased array antennas transmitted power 
beams at the various phases and conjugated phases thus 
received. The power beam pattern synthesized via this 
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Figure 2. Conceptual Drawing Showing Configuration of 
Payload Sections of ISY-METS Rockets 





process was the pattern concentrated on the rectenna 
(retrodirective system). The retrodirective system 
employed during the ISY-METS experiment utilized a 
dual frequency pilot wave to achieve a more accurate 
power beam transmission phase. 


2.4 Experiment Results 


Telemetry data confirmed that the retrodirective system 
worked, automatically directing the microwave beam at 
the secondary rocket. Differences were also noted in the 
high frequency receiver data corresponding to the ON 
and OFF states of the microwave, confirming that the 
power transmitted via the microwave excited plasma 
waves. Quantitative analyses of these results are cur- 
rently continuing at Kyoto University. 


3. Rectenna 


A rectenna is similar to a solar cell, with the exception 
that its function is to change solar energy into microwave 
energy. However, performance factors for the two 
devices differ greatly. The rectenna has an output voltage 
of between 5-10V per element, and the highest conver- 
sion ratio thusfar achieved with one of these devices 
worked out to 84% (2.5GHz band)’. 


Since a relatively high impedance is anticipated from the 
direct current output terminals of rectenna elements, a 
rectenna can be viewed as the equivalent of a source of 
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Figure 3. Toshiba-made Rectenna for ISY-METS 
Rocket Experiment 





current. This makes it possible to interconnect multiple 
rectenna elements without the use of special buffer 
circuits. 


The rectenna mounted on the secondary rocket used in 
the ISY-METS experiment consisted of two paddles, one 
of which was designed and manufactured by Toshiba in 
response to tasking from the Institute of Space and 
Aeronautical Science (ISAS). Table | provides the major 
specifications for the Toshiba rectenna, and Figure 3 is a 
photo of the actual device. The two round objects, one 
on either side of the rectenna, are 2.4125GHz patch 
antennas. Mirroring each other in the center of the 
rectenna are two matching circuits and harmonic sup- 
pression filters constructed of microstrips. 





Table 1. Major Specifications of Rectenna 




















Item Specification 

Mean Frequency 2.4125GHz 
Polarization — Linear 7 
RF/DC Conversion Efficiency 70% i 
Harmoniclevel | -384B 


a DE eee 


Exterior Dimensions 270x100x10mm 
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4. Afterword 


Work is steadily being pushed ahead on the space power 
transmission technology essential for solar power- 
generating satellites, which hold such promise for pro- 
tecting our green Earth. The ISY-METS experiment 
acquired the anticipated data, and ended successfully. 
The data gathered via this experiment is expected to 
shed light on parameters such as the “permissable micro- 
wave transmission density” so important to basic studies 
on solar power-generating satellites. Toshiba was also 
able to take part in the planning and construction of the 
rectenna which formed the receiving component of the 
ISY-METS experiment. But the RF/DC conversion effi- 
ciency achieved with the Toshiba rectenna did not reach 
the world mark of 84%. One of our tasks in future will be 
improving on this efficiency level. 








This report contains information which is or may be copyrighted in a number of countries. Therefore, copying and/or 
further dissemination of the report is expressly prohibited without obtaining the permission of the copright owner(s). 














16 Aerospace 


Acknowledgements 


This research was commissioned and implemented 
under the guidance of NEDO as part of the New Sun- 
shine Project being sponsored by the Ministry of Inter- 
national Trade and Industry’s Agency of Industrial Sci- 
ence and Technology (AIST). 


Microgravity Testing of Mesh Deployable 
Antenna 

94FE0742G Tokyo TOSHIBA KEPYU in Japanese 
Apr 94 pp 302-304 


[Text] 


1. Introduction 


Mobile communications satellites of the future will 
require large mountable multi-beam, high-gain, low side- 
lobe antennas. We are developing basic technologies for 
deployable mesh antennas, the aim being to manufacture 
large 10-30m-diameter deployable antennas that can be 
mounted on geostationary platforms (GPFs) for mobile 
communications satellites. Figure | shows a conceptual 
drawing of a mobile communications satellite GPF. The 
two large-scale antennas shown mounted to the GPF 
depict multi-beam transmission and reception antennas, 
respectively. Of the various systems that could be used to 
deploy a mesh antenna, we opted for a ©. :ployable truss 
system, and have been studying and developing the 
configuration, deployment mechanisms and other tech- 
nologies required for deployment. These technologies 
should prove vital components of future deployment 
technologies as well. 


This article discusses microgravity tests conducted to 
acquire the parameters needed for the analysis of deploy- 
ment kinematics. These tests made use of the deploy- 
ment kinematics prediction/analysis software (DADS) 
developed for use with structures such as deployable 
trusses. 


2. Antenna Deployment Reliability 


Figure 2 provides illustrations of the basic module for 
the deployable truss antenna, showing it in its stowed 
state (a) and deployed (b). It is important to use analysis 
to predict the deployment motion or kinematics for 
three-dimensional action while synchronizing that 
action with the motion of the other modules. The best 
way of ensuring that these deployable structures deploy 
properly in outer space is to confirm deployment via 
testing prior to launching them into space. To compen- 
sate for the effects of gravity on the structures during 
deployment tests, special apparatus are used so that the 
deployable structure can be tested while suspended from 
the ceiling. However, the effects of gravity cannot be 
completely eliminated with these test apparatuses. 
Therefore, because gravity acts on deployment kine- 
matics during testing, it is difficult to evaluate deploy- 
ment reliability based on terrestrial deployment tests 
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(a) Stowed 


Figure 2. Deployment Sequence of Deployable Truss 
Antenna (The truss is deployed three-dimensionally) 





aione. Furthermore, the larger the antenna being tested, 
the larger the deployment test apparatus must be, 
making the conduct of the test itself very difficult. 


Due to these kinds of problems, it is impossible to 
evaluate and confirm the deployment reliability of large- 
scale deployable antennas via testing alone. Another 
means used to evaluate deployment reliability, therefore, 
is deployment kinematics analysis. DADS and other 
deployment kinematics prediction/analysis software for 
use with structures such as deployable trusses are avail- 
able, and can be used to analyze kinematics and to design 
and evaluate configurations for deployable trusses. How- 
ever, when using these software products, it is important 
to enhance the accuracy of predictions/analyses, as well 
as the reliability of the analyses themselves. 
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Figure 3. Kinematics Analysis Flow of Deployment 
Sequence (Parameters are determined from kinematics 
of terrestrial and microgravity tests, and used in deploy- 
ment kinematics analysis.) 





3. Deployment Kinematics Analysis 


DADS-based kinematics analysis treats the antenna 
truss members as rigid bodies, and the connections 
between members as a multiple rigid-body system mod- 
eled on kinematic constraints, then analyzes the kine- 
matics of the mechanism system using the constraint 
conditions of the connections, predicting potential and 
estimated deployment kinematics. This analysis method 
requires that the user set the friction coefficient of the 
joints for each member, as well as parameters for rattle 
and so forth. However, it is impossible to determine 
these values. This is because even if the necessary 
parameters are measured during terrestrial testing, accu- 
rate values cannot be obtained due to the fact that it is 
impossible to create a perfect 0-gravity conditions. In 
order to acquire accurate parameter values, it is neces- 
sary to obtain data from deployment tests conducted 
aboard an aircraft on which a microgravity environment 
has been simulated by flying in a parabolic trajectory, 
and then to compare these data with those obtained from 
l-g testing to come up with the parameters for use in 
deployment kinematics analysis and evaluation proce- 
dures. Figure 3 graphs the kinematics analysis flow of the 
deployment sequence. 


Torque, deployment times, deployment kinematics and 
et cetera are measured and recorded during terrestrial 
and microgravity testing, and then based on these data, 
kinematic variances between terrestrial and micro- 
gravity deployments are evaluated and deployment kine- 
matics predictions/analyses carried out. 


4. Antenna Model 


The deployable truss being tested is three dimensional 
and comprises modules constructed of poles connected 
together to form triangles. Each module contains four 
triangle pole configurations, from which the name 
TETRUS (tetra trigonal prism truss) was derived. The 
TETRUS antenna model used in testing was designed 
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with a 1.7m diameter when deployed due to space 
restrictions aboard the aircraft, and was constructed by 
assembling six TETRUS modules together to form a 
hexagonal shape. 


Because the antenna model moves three dimensionally, 
it was impossible to use the type of hard reflector 
ordinarily employed as the surface for this kind of 
antenna. Instead, we used a flexible metal mesh for the 
reflector surface. This also served to lighten the weight of 
the antenna itself. 


Basically, the TETRUS deploys and stows away by 
extending and contracting oblique members mounted in 
the longitudinal plane. That is, by moving the frame of a 
quadrangle into a quadrilateral shape, the overall shape 
can be changed. A motor is used to extend and contract 
the oblique members, the rotational motion of the motor 
being converted into linear motion by means of a ball 
screw. 


The antenna model uses a total of 13 members that 
employ this kind of motor, and the drive time for each of 
these members is set at 15 seconds to carry out deploy- 
ment within the time that a microgravity environment 
exists aboard the aircraft. 


In carrying out analysis work for antenna design pur- 
poses, we used DADS to determine the configuration of 
the joints, and to find the number, locations and driving 
force of the motors needed to drive the selected mecha- 
nism system. 


As a result of this analysis, we determined that the 
optimum joint configuration is a combination of joints 
with one, two and three degrees of rotational freedom. 
This configuration enabled us to limit the number of 
motors to the minimum of 13 and to determine their 
locations. We applied these result to the trial manufac- 
ture of the antenna model. 


5. Nature of Microgravity Deployment Test 


Two items were measured during the microgravity 
deployment test: motor drive torque and deployment 
kinematics displacement. We were able to measure 
motor drive torque at the motor output axis using 
specially-developed miniature torque sensors built into 
the members. When it came to measuring deploymeut 
kinematics displacement, we used two high-speed video 
cameras targetted at several locations on the truss mem- 
bers to videotape deployment motion, and used these 
films to determine three-dimensional coordinates and 
their travelling speeds. Using the results of these mea- 
surements, we were able to compare and evaluate them 
with the results of analyses of deployment kinematics 
displacement and motor output torque carried out using 
the DADS software discussed in section 3. We were also 
able to use them to verify the validity of the analysis 
model. 


The microgravity deployment test was carried out in 
France aboard a Caravelle aircraft. To create micro- 
gravity conditions inside the aircraft, it had to be flown 
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Figure 4. Parabolic Flight Trajectory of Caravelle Aircraft Used to Create Microgravity Condition 





in a parabolic trajectory as shown in Figure 4. The 
microgravity conditions inside the aircraft lasted roughly 
20-25 seconds, during which time the deployment test 
had to be carried out. Figure 5 shows a photograph taken 
during the microgravity deployment test. 


6. Afterword 


The aircraft-based microgravity deployment test of the 
deployable mesh antenna was carried out in response to 
tasking from the Space Communications Research Cor- 
poration. 


This article has dealt with the method used to verify the 
reliability of this antenna’s deployment system, which 
involved comparing the results of tests conducted terres- 
trially as well as under microgravity conditions, and the 
procedures for confirming deployment kinematics in 
outer space by conducting kinematics analysis. In the 
future, we plan to utilize this procedure to carry out 
evaluations and studies based on the test results. 
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Figure 5. Deployment of Antenna Under Microgravity 
Condition Aboard Caravelle Aircraft (You can see how 
the antenna is floating unsupported.) 


Japan Defense Agency to Purchase U.S. Satellite 
Photos to Improve Information Collection 
Capability 


94FE0540A Tokyo ASAHI SHIMBUN in Japanese 
18 Mar 94 p1 


[Text] The Defense Agency of Japan (JDA) has begun 
reviewing plans to purchase detailed photos taken from 
high performance satellites which U.S. companies had 
originally developed for military reconnaissance. JDA 
intends to use them to analyze the military environment 
around Japan. JDA has been conducting research to 
improve their military information collection capability. 
The JDA’s plan resulted from a decision recently made 
by the Clinton administration to allow private compa- 
nies to launch high performance satellites for commer- 
cial purposes which in the past had only been used by 
U.S. government agencies. Photographs by these satel- 
lites are said to have resolution high enough to identify 
different types of aircraft on the ground. JDA intends to 
include use of such satellites in the new guidelines under 
discussion for the Defense Buildup Program in which the 
“improvement of information collection capability” is 
given top priority. Meanwhile, other Asian countries are 
also interested in collecting military information using 
satellites. Therefore, the use of satellites is of great 
interest in terms of new proliferation of military tech- 
nologies. 


JDA in the past has been using commercially available 
photos for analysis of their own military situation from 
earth observation satellites such as the U.S. “Landsat” 
and the French “Spot.” However, photos from those 
earth observation satellites had resolution capability of 
about 10m, while U.S. military reconnaissance satellites 
were said to offer resolution of 30cmx30cm for objects 
on the ground. Therefore, even if they knew that ships 
were located in the bay, they could not identify what type 
of ships they were. So these photos were not so useful for 
analysis of ground and air forces. 
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JDA has begun research on technical and legal issues 
including the possibility of launching own military 
reconnaissance satellites. 


Traditionally, technologies of military reconnaissance 
satellites have been considered U.S. military secrets. 
Now that the cold war had come to an end and Russia 
had entered the satellite photo businesses, the U.S. 
Government has begun reviewing changes in policy that 
would allow private corporations to make commercial 
launches of extremely high resolution satellites for explo- 
ration of natural resources. According to JDA officials, 
these changes in policy have been made recently through 
the insistance of economic agencies such as the Depart- 
ment of Commerce. Sales of satellite photos with up to 
Imximi resolution are said to be permitted. 


According to sources clase to !he JDA, two U.S. compa- 
nies, including Lockheed, have unofficially approached 
the JDA and some other Asian countries with specific 
plans for sales. Various business arrangements, including 
purchase of individual photos and acquisition of ground 
stations to receive images, are available. The rights for 
exclusive use of photos of desired areas and modification 
requests of satellite orbits are also said to be discussed 
for promoting this line of business. 


The Japanese Government has been extremely careful 
when dealing with the reconnaissance satellite issue to 
avoid conflict with Diet decisions that prohibit the use of 
space for military purposes. However, they interpret the 
use of multi-purpose commercial satellites as compatible 
with the Diet decision. The same understanding should 
apply to these high resolution photos. But depending 
upon the contract requirements, including the exclusive 
use of photos, there may be a possibility of conflict. And 
some subtle impact on the military balance with sur- 
rounding countries is anticipated. 


At present, efforts to scale down the defense forces are 
being discussed in the course of creating new guidelines 
for the Defense Buildup Program administered by a 
prime ministerial advisory body. JDA, therefore, wants 
to promote a more high-tech oriented defense buildup 
system in compensation and treat the “improvement of 
information col'ection capability” as part of the effort. 


Development of Functionally Gradient Materials 
for Relaxation of Thermal Stress 


947E0520 Tokyo CERAMICS JAPAN in Japanese 
Mar 94 pp 182-184 


[Article by Saburo Kitaguchi, Steel Research Laborato- 
ries, Nippon Steel Corp.]} 
[Text] 


1. Introduction 


A transportation method needs to be established in order 
to expand human activities from Earth to space. Active 
debates have been held concerning space transportation 
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systems, and one typical system of that kind is the devel- 
opment concept for space shuttles. To implement the 
concept, it is desired to have heat-resistant materials 
developed to protect the shuttles from the extreme aero- 
dynamic heat environmert. The concept of functionally 
gradient materials (FGMs) was born to create a new breed 
of materials potentially capable of withstanding the harsh 
environment. 


Discussed in this paper are studies concerning the forma- 
tion of materials with a compositional gradient from 
ZrO,-8 wt%-Y,0, (YSZ), with excellent heat resistance 
and insulation capability, and an Ni-20 wt%-Cr alloy 
(NiCr), with superb strength and toughness for the purpose 
of developing materials capable of alleviating thermal 
stress. 


2. Plasma Spraying Method 


Although many methods have been tried for the produc- 
tion of FGMs, the plasma spraying method will be dis- 
cussed here.’ The method is schematically illustrated in 
Figure |. Power raw materials, which are fed through the 
powder supply port of a plasma spray gun are converted 
into molten particles with high-temperature plasma jet and 
deposited on a substrate to form a film. The temperature in 
the vicinity of the nozzle outlet of the spray gun is so high 
(estimated to be 15,000K) that any material system having 
a liquid phase can be made into a film by this method. The 
plasma spraying method has the advantages of being able 
to rapidly form wide-area films and to freely control the 
compositional arrangement of two or more materials with 
vastly different melting points and specific gravities. Fur- 
thermore, if the plasma spraying method is carried out in 
a large pressurized vessel filled with an inert gas, oxidation 
can be eliminated to drastically improve the film quality. 
This particular method with a controlled atmosphere 1s 
called the low-pressure plasma spraying (LPPS) method. 


3. Creation of FGMs 


The basic requirement for the LPPS formation of FGM 
films from ceramic (YSZ) and metallic (NiCr) materials 
was the simultaneous assurance of continuity in composi- 
tion change in the direction of film formation (heat trans- 
mission direction) and uniformity in film composition 
within one plane. A spraying process was developed with 
excellent blend characteristics in film by individually 
controlling the feed quantity of each raw material powder, 
which is fed from four directions surrounding the high- 
temperature plasma jet. The spray gun with four supply 
ports for the powders is shown in Figure 2. In order to 
make sure that both YSZ and NiCr, with vastly different 
melting points, completely melted under identical spraying 
conditions, the atmosphere was replaced with Ar gas, and 
its pressure was controlled to approximately 27 kPa before 
plasma spraying. The photographed cross-section of an 
FGM film produced under these conditions is shown in 
Figure 3. The photograph clearly indicates the film’s dense 
laminar structure with continually changing composition. 
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Figure 1. Basic Principles of Plasma Spraying 
Key: (1) Main DC power source; (2) Cold water; (3) Tungsten electrode (cathode); (4) Copper anode nozzle; (5) Copper 
electrode holder; (6) Insulator holder; (7) Plasma actuation gas supply (main component Ar and auxiliary component 
H,); (8) DC arc; (9) Powder supply (raw materials + carrier gas); (10) High-temperature plasma jet; (11) Molten 
particles; (12) Sprayed film (flat, solidified particle layers); (13) Substrate; (14) Pores (between solidified particles) 











Figure 3. Cross-Section of LPPS-Made FGM Film 


Figure 2. Spray Gun for FGM Film Formation Key: (1) Copper substrate 
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Figure 4. Comparison of Laser Heat Shock Resistance Between FGM and Two-Layer Films 
Key: (1) Output; (2) Film; (3) Two-layer film; (4) FGM film; (5) Laser output density 4.05 W/mm7? (output: 1.5 KW); 


(6) Laser output density 6.59 W/mm/? (output: 2.0 KW) 





4. Heat Resistance of FGM Fiims 


Laser heat-shock and gas-combustion tests have been 
commonly used to test the anti-heat properties of small 
film test specimens in laboratories. One example of test 
experiments with the laser heat-shock test will be 
described. The surface of a film specimen was irradiated 
with a laser, and a heat-resistance property was deter- 
mined in terms of laser output density by dividing the 
laser output by the irradiated area. A two-layer film 
consisting of a single composition NiCr film and a 
single-composition YSZ film, plus an FGM film made 
from these two compositions, was prepared on a 30mm- 
diameter and 5mm-thick copper substrate. The apparent 
heat-insulation capabilities of these films were made 
identical by making the total YSZ content of each film 
equal to each other. The laser was to irradiate for one 
second a target area of approximately 20mm in diam- 
eter, without the other side of a film specimen being 
cooled. At a laser output density of 4.05 W/mm’, vertical 
cracks were generated within the YSZ layer of the 
two-layer film, whereas the FGM film was intact. At a 
higher laser output density of 6.59 W/mm7’, the two-layer 
film showed a clear sign of delamination, whereas the 
FGM film showed no delamination, although some 
vertical cracks were observed (Figure 4). Thus, much 
better heat-shock resistance was displayed by the FGM 
structure. Incidentally, the vertical cracks observed in 
the FGM film specimen were found to have propagated 


selectively through YSZ and stopped propagation when- 
ever a crack encountered a NiCr particle dispersed 
throughout the film. This phenomenon, too, is an advan- 
tage of the FGM structure. 


5. Real Environment-Scale Heat Resistance Tests 


Simulating a heat-protection material for a space shuttle, 
temperature gap tests were conducted by cooling the 
NiCr side of the FGM film with liquid nitrogen and 
heating the YSZ side to a high temperature. Actually, the 
test included the high-temperature gap test, in which test 
specimens were repeatedly heated with a 30-kW Xe arc 
lamp in a vacuum, and the high-temperature gas flow 
test, in which a high heat load was applied to a test 
specimen in a simulated high-temperature air flow (at 
3,000K). Again, the thermal stress-alleviating FGM film 
passed these tests satisfactorily, manifesting its superb 
heat-resistant characteristics. 


6. Conclusion 


The uniqueness of the new material design concept of 
integrating the properties of ceramic and metallic mate- 
rials was demonstrated, and it appears that the concept is 
a step closer to its adoption for heat-protection materials 
for space shuttles. Future R&D progress is much antici- 
pated. This research was conducted as a part of the 
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Japan Tobacco, Cell Genesys Conclude Contract 
for Human Monoclonal Antibody 


94FE0399A Tokyo NIHON KEIZAI SHIMBUN 
in Japanese 7 Jan 94 p 3 


[Text] On January 6, the American biotechnology com- 
pany Cell Genesys (CG) announced that the Japan 
Tobacco Association (JT) signed a comprehensive con- 
tract with Zenotech, a joint venture of CG and JT, for 
the purpose of commercializing human monoclonal anti- 
bodies. In the future, JT will exchange monoclonal 
antibody licensing agreements with Zenotech and in two 
years time at the earliest will begin clinical trials in 
Japan. T.. use of human monoclonal antibodies is a 
breakthrough that may reduce the time it takes the 
world’s drug companies to commerically develop new 
drugs, and JT is positioning itself as one of the world’s 
strategic products. 


In the current comprehensive agreement with Zenotech, 
JT has purchased for $4.4 million the right to commer- 
cialize the human monoclonal antibodies that Zenotech 
may develop in the next four years against various 
diseases. In the future, JT will sign individual license 
agreements for the human monoclonal antibodies that 
Zenotech develops against specific diseases and will 
begin clinical trials in Japan. 


If there will be contracts for all the human monoclonal 
antibodies that Zenotech is currently developing, the 
amount that JT will pay to Zenotech adds up to $20 
million. Zenotech is currently developing human mono- 
clonal antibodies against L-secretin in order to combat 
autoimmune disease and inflammation, as well as anti- 
bodies against other diseases such as cancer. Of the 
human monoclonal antibodies that JT will use in clinical 
trials, the antibodies against L-secretin are said to be the 
most powerful. 


— Develops Efficient Method to Get Perfect 
A 


94FE0399B Tokyo NIKKEI SANGYO SHINBUN 
in Japanese 7 Jan 94 p 9 


[Text] A research group at the Kanagawa Academy of 
Science and Technology (KAST) has verified a tech- 
nology for extracting from living organisms, efficiently 
and in complete form, gene DNA (deoxyribonucleic 
acid), which contains information for creating useful 
substances. Prior technology had found it difficult to 
separate out only the complete form of DNA, but the 
new technology has succeeded in using special enzymes 
to synthesize complete DNA from intracelleular RNA 
(ribonucleic acid). While accelerating genetic analysis, 
this also holds the promise of discovering unknown 
proteins for use as biomedicines. 
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The new technology is the result of the “Human Protein” 
project conducted at KAST, with group leader Seishi 
Kato. 


Genes create useful substances within living organisms. 
They are usually obtained by extracting mRNA (messen- 
ger ribonucleic acid) from cells and using that as a 
template for constructing cDNA (complementary decx- 
yribonucleic acid). However, the intracellular mRNA is 
cut during this process so that incomplete pieces are 
mixed in, and it was rarely possible to synthesize the 
compete length found in the gene stage. 


The research group noted that there is a particular 
configuration at the ends of intracellular mRNA when it 
is in the complete form. The group verified that, by 
discarding the incomplete forms of mRNA that did not 
contain this end configuration, it was possible to synthe- 
size only cDNA that contained the complete information 
necessary for creating proteins. 


In more detail, the first step is to add a special enzyme 
that substitutes hydroxide groups for the phosphate 
groups found at the ends of incomplete mRNA. The 
so-called “‘cap” configuration that is found at one of the 
ends of complete mRNA does not react with this 
enzyme, so hydroxide groups are only attached to incom- 
plete mRNA. Next, the phosphate groups at the ends of 
complete mRNA are exposed by using an enzyme that 
removes the “cap”, and lien only this mRNA is used as 
a mold for synthesizing cDNA. 


For the cDNA synthesis, the terminal phosphate group 
of the mRNA 1s attached to a synthetic nucleic acid that 
consists of a DNA molecule and RNA molecule joined 
together, where these have base sequences that can be cut 
by restriction enzymes. A vector primer for synthesizing 
nucleic acid from a template is attached to the other end 
of the mRNA, and the complete length of cDNA is 
created with a reverse transcription enzyme. Then, the 
restriction enzyme is used to convert the nucleic acid to 
cyclic form while replacing the RNA with DNA, creating 
a cDNA vector. 


It is believed that about 250 forms of functional, com- 
plete human cDNA have been obtained by this method 
to date. 


The complete cDNA that has been obtained could be 
used to create proteins either in test tubes or in animal 
cells. Previous technology for synthesizing cDNA often 
produced fragments from which it was difficult to read 
off the entire base sequence that comprises the protein 
blueprint. In order to know what protein is created by a 
gene it is necessary to analyze the complete base 
sequence, so a technology for synthesizing complete 
cDNA had been sought. 
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Canon Synthesizes Fluroescence Coloring Matter 
for DNA Detection 


94FE0399C Tokyo NIKKEI SANGYO SHIMBUN 
in Japanese 14 Jan 94 p I! 


[Text] Canon has synthesized a new fluorescent dye for 
detecting gene DNA (deoxyribonucleic acid), which is 
indispensible for bioresearch in areas such as pharma- 
ceutical development. The dye is strongly fluorescent 
only when bound to DNA, and the amount of DNA 
present can be determined from the amount of fluores- 
cence. This is said to be a very useful development 
because the dye is highly sensitive, so that even small 
amounts of DNA can be detected, and because the dye 
works in visible wavelengths rather than requiring dan- 
gerous ultraviolet light. There are many ways in which 
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the process of detecting and analyzing a particular frag- 
ment of DNA can be simplified, and Canon is working 
with universities to develop applications. 


Canon announced this new dye as part of basic research 
being conducted in technology that employs microorgan- 
isms to break down environmental pollutants. It is said 
that they have already applied for a patent and that 
many universities are knocking on the door in hopes of 
doing joint research. Synthesis of the new dye should be 
inexpensive because its molecular structure is relatively 
simple. Applications are expected as a reagent for biore- 
search, and Canon is also investigating how to commer- 
cialize the dye in cooperation with manufacturers of 
specialized pharmaceuticals. 


The newly synthesized dye has the organic compound 
named pyrylium as its backbone. When added to a 
solution containing DNA, the dye attaches between the 
bases within the double helix structure of DNA. (The 
bases comprise the “alphabet” of the genetic code.) 


Bonding to DNA changes the molecular structure of the 
dye so that when it is exposed to light the dye fluoresces 
in red wavelengths. (The wavelength is 645 nanometers, 
where a nanometer is one-billionth of a meter.) When 
not bound to DNA the dye gives off hardly any light, so 
the amount (concentration) of DNA can be determined 
from the fluorescent strength. 


If this dye were attached to a substance that only bound 
to DNA with a particular base sequence, it would be 
possible to study the quantity of DNA fragments con- 
taining that sequence. Also, since the dye can easily 
penetrate cell membranes, it can be used to distinguish 
those intracellular structures that contain DNA, such as 
the nucleus, from other parts of the cell. 


Another reason for the usefulness of this new dye is that 
it works over a wide range of DNA concentrations, being 
able to detect small amounts as well as maintaining a 
linear fluorescent response into high concentrations. 
Other dyes can only detect DNA in concentrations 
between 7 and 40 micromoles, while the new dye can 
range from | to 150 micromoles. (A mole is a unit of 
concentration, and a micromole is one-millionth of that.) 


The dye named ethidium bromide is currently used for 
measuring the concentration of DNA. However, the 
disadvantages of this dye include: 


(1) the fact that it fluoresces even when not bound to 
DNA, so before taking the measurement additional time 
is necessary for removing the excess dye not bound to 
DNA, 

(2) the fact that dangerous ultraviolet illumination is 
required to cause fluorescence. 


Pharmacia Biotech Develops Method to Elucidate 
Genetic Mutation 


94FE0399D Tokyo NIKKAN KOGYO SHIMBUN 
in Japanese 4 Jan 94 p 21 


[Text] Pharmacia Biotech has developed a new method 
for determining whether a genetic mutation has 
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occurred, which is useful for diagnosing genetic diseases. 
Using the equipment named “BlAcore”, which is a 
biosensor developed by Pharmacia Biotech, it is possible 
to accurately determine whether mutations have 
occurred within the base sequence of DNA (deoxyribo- 
nucleic acid), and how many occurrences there are. The 
time to do this is only 40 minutes, which is about 
one-fourth the time required by other methods. 


Genetic mutations occur when part of the DNA base 
sequence is different from normal. The determination of 
the existence of a mutation is performed by unravelling 
each strand of the DNA double helix and measuring the 
time required to combine with a gene that has the correct 
base sequence (the “‘probe”’). The BlAcore equipment, 
which has been used to measure the time required for 
antibodies and antigens to combine, or for two proteins 
to combine, was applied this time to DNA. 


BlAcore makes use of the surface plasmon resonance 
effect. When the sensor chip within this equipment is 
exposed to light, the reaction speed between a substance 
affixed to the chip and some other substance affects the 
extinction of part of the light reflected from the chip. By 
measuring the change in the angle of the attenuated 
reflected light, the reaction speed can be determined. To 
determine base sequence variations, the DNA probe is 
affixed to the chip. When this probe is made to react with 
the DNA under study, one can determine whether muta- 
tions are present. It is also said that the number of 
different base positions can be counted. Experiments 
were able to analyze fragments of base sequences up to 
20 bases long, and it is said that future improvements 
will probably be able to increase this to 50 bases. 


A measurement requires about 9 minutes, but it is 
necessary to perform the measurement three times with 
DNA of different concentrations. An additional 10 min- 
utes is required for the analysis, making a total time of 
only 40 minutes for the determination. Also, this method 
is more accurate than those of the past, and simpler to 
perform. 


The new method requires that the base sequence of the 
DNA under study is already known, because the probe is 
synthesized according to that base sequence. In other 
words, measurements are not possible for a DNA mole- 
cule whose base sequence is not known. Pharmacia 
Biotech says that they would also like to develop a 
method to be used with DNA when the base sequence is 
not known. 


Osaka Bioscience Institute, Centre d’Immunologie 
Institute Jointly Clone Fas Ligand 


94FE0399E Tokyo NIKKEI BIOTECHNOLOGY 
in Japanese 28 Dec 93 p 3 


[Text] Molecular Biology Research Department 
Chairman Shigekazu Nagata et. al. of the Osaka Bio- 
science Institute, together with Pierre Goldstein of the 
Centre d’Immunologie Institute, National de la Sante de 
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la Recherche, which is located in France, have succeeded 
in jointly cloning the Fas ligand, which is the ligand that 
combines in vivo with the Fas antigen that holds the key 
to programmed cell death (apotosis). This research will 
help to explain the phenomenon of immunotolerance, 
which involves the apotosis of T lymphocytes, as well as 
the mechanism by which production of the ligand brings 
on programmed cell death. This research has also made 
it clear that the Fas ligand operates in conjunction with 
perforin, a protein that nonspecifically creates holes in 
cell membranes and is known to be involved in the 
process by which cytotoxic T cells, which fight cancerous 
or infected cells and play a role in the bodyUs defenses, 
cause the death of the target ceil. 


Important technological breakthroughs have occurred 
which will allow the future development of medicines 
and diagnostic compounds that employ apotosis, such as 
for fulminating hepatitis or autormmune diseases. 
Details may be found in the 17 December issue of Cell 
magazine. Part of the research was also announced in the 
Japan Molecular Biology Conference that began on the 
16th. When the antibody that binds to the Fas antigen is 
added to a culture medium, the chromosomes within the 
cells break and apotosis occurs. However, the ligand that 
binds to Fas within living cells had not yet been identi- 
fied. Although at least six groups throughout the world, 
including the American company named Immunex, had 
been trying to clone the Fas ligand, Nagata et. al. 
succeeded first by using the T cell hybridoma PC60-d10S 
developed by Goldstein. This cell stock had the same 
ability as cytotoxic T cells to kill a variety of cell types, 
but could not kill a cell stock derived from the lpr mouse 
that is deficient in the Fas antigen. Nagata et. al. there- 
fore surmised that d10S produces the Fas ligand. They 
used a cell sorter to concentrate d10S cells that bind to 
chimera molecules of Fas antigen and antibody, and then 
used a cDNA library prepared from those cells to clone 
cDNA for the Fas ligand. 


The Fas ligand thus obtained is a protein containing 251 
amino acids, including a portion that binds to mem- 
branes. The domain remaining outside the cell contains 
148 amino acids, the portion projecting through the cell 
membrane contains 31 amino acids, and the remaining 
72 amino acids are within the cell. The N-terminal is a 
membrane protein that remains within the cell. The 
structure of the domain outside the cell displays 25% 
amino acid homology with tumor necrosis factor, and is 
a protein that forms a superfamily with tumor necrosis 
factor. However, no homology is present in the intracel- 
lular domain. The Ipr mouse that is deficient in Fas 
antigen develops autoimmune disease as it grows. On the 
other hand, normal liver cells contain a large amount of 
Fas antigen, which probably contributes to the ability of 
liver cells to regenerate. The discovery of the Fas ligand 
will lead to better understanding of the relationship 
between the patientUs condition and the Fas antigen/ 
ligand, and Fas ligand blockers may become the object of 
pharmaceutical development. 
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MHW To Grant 100 Million Yen Subsidy for 
Gene Therapy, Clinical Research 


94FE0399F Tokyo ASAHI SHIMBUN in Japanese 
28 Dec 93 p 3 


[Text] On 27 December, the Ministry of Health and 
Welfare’s Advanced Treatment Research Plan Evalua- 
tion Committee (chairman Takahisa, general director of 
the Japan International Medical Center) decided to 
make additional grants totalling about 100 million yen to 
thirteen on-going projects, including projects dealing 
with adenoside deaminase (ADA) deficiency syndrome 
and AIDS, two diseases that kill their victims through 
immune system dysfunction. The grants are in the area 
of gene therapy, which is the method of treating disease 
by inserting normal genes into the cells of patients. Now 
that the actual go-ahead has been given for clinical 
research into gene therapy, it may be possible to begin 
treating patients as early as the middle of the next fiscal 
year, after evalution by the Gene Therapy Research 
Central Evaluation Committee which convenes in Jan- 
uary of next year. 


Some of the thirteen projects to receive funds from the 
Advanced Treatment Research Foundation are already 
nearing the final stages of animal experimentation and 
basic research, including projects dealing with ADA 
deficiency syndrome (Hokkaido University), AIDS 
(Japan Medical University), muscular dystrophy (Japan 
Psychology and Neurology Center), brain tumors 
(Nagoya University), and advanced cancer (Japan 
Cancer Center). 


In particular, the ADA deficiency syndrome project has 
the best chances of beginning clinical research next year. 
There is an existing method of strengthening the 
immune system by bone marrow transplants, but this 
requires the patient’s white blood cell type (HLA) to 
match that of the donor. On the other hand, gene therapy 
removes cells from the patient, inserts normal genes into 
them, and then returns them to the patient. Throughout 
the world, this disease is considered to be the leading 
candidate for gene therapy. Gene therapy for AIDS 
involves inserting genes that block the multiplication of 
the AIDS virus (HIV) into lymphocytes of patients 
infected with the virus, hoping to prevent the onset of 
the disease. 


For the particular form of muscular dystrophy known as 
infantile muscular dystrophy, it has recently been 
learned that there is a deficiency of glycoprotein in the 
membranes of muscle cells, and it is hoped that gene 
therapy aimed at supplementing glycoprotein will be 
effective. 


The Medical Ethics Committee at Hokkaido University, 
where ADA deficiency syndrome is being studied, rec- 
ommended on 21 December that preparations be made 
for gene therapy, such as setting up a committee of 
specialists. Such committees are also being formed at 
other research organizations. 
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Gene therapy raises various ethical questions, such as 
whether the “vectors’”’ used to insert normal genes into 
the patient might cause other diseases, or whether gene’ 
could be manipulated. 


The Advanced Treatment Research Foundation 


In order to provide additional funds for research into 
advanced treatment technologies, the Minstry of Health 
and Welfare has organized the Advanced Treatment 
Research Plan Evaluation Committee to apportion 
funds every year to projects deemed worthy. In the case 
of gene therapy, every research organization has an 
ethics committee to judge the appropriateness of gene 
therapy from both an ethical and technological view. An 
additional check will be provided by Japan’s Gene 
Therapy Research Central Evaluation Committee. 


Analysis 


The allocation of research money has given momentum 
to gene therapy, but the start of clinical use raises many 
questions. 


First of all, Japan has no organization in place to verify 
the safety of the vectors used to insert genes into the 
patient. Verification of safety by means of animal and 
cellular experiments requires time for setting up equip- 
ment and training the personnel involved, so some have 
suggested leaving that up to American industry. Yutaka 
Shimada, a professor in biochemistry at the Japan Med- 
ical University who is conducting basic research into 
gene therapy for AIDS, remarks: “We can start clinical 
use sooner by not doing these checks within Japan, but 
the lack of checks could cause difficulties.” 


Also, a two-stage process involving various organizations 
as well as a central organization has been devised for 
deciding when to allow clinical use, but the final form of 
this process is not yet known. If the Ministry of Educa- 
tion publishes new guidelines for university hospitals, it 
will also be necessary to take that into account. Jun 
Yoshida, a lecturer in medicine at Nagoya University 
who is studying gene therapy that employs the interferon 
gene against malignant brain tumors, says: “‘We don’t yet 
know what the final system of checking will be. However, 
we want to start treatments next year after our applica- 
tion has been evaluated.” 


How should a consensus be reached by society? Shuzo 
Matsumoto, a professor of pediatrics at Hokkaido Uni- 
versity who is conducting gene therapy research into 
congenital immune definiciency syndrome, says: “The 
budget for this year covers basic research, and next year 
we want to start clinical use. However, even if our 
application is granted, we also need the understanding of 
society at large, so we can’t say when we really will 
begin.” 
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Shimadzu Corp. Massproduces Flowers Using 
Biotechnology 


94FE0399G TOKYO KYOTO SHIMBUN in Japanese 
28 Dec 93 p I! 


[Text] Many flowers from a single bud cell—. A Kyoto 
business has succeeded in using biotechnology and cell 
multiplication to mass produce ornamental flowers such 
as European orchids. Commercialization will begin next 
year with 100,000 stems. 


This success was achieved by Shimadzu Laboratories 
and its subsidiary, Shimadzu Flowering. 


European orchids cannot be propagated well from seeds 
because the seeds are low in nutrients so that only a small 
percentage survive, nor is stem division effective for 
mass production. 


Shimadzu used the mericlone method of cell multiplica- 
tion, which removes the orchid bud, supplies it with 
special nutrients and hormones, and grows it on an agar 
surface. 


Every several weeks the bud which has been undergoing 
cell division can be split, so that the number of stems 
increases exponentially. The many advantages of this 
method include the fact that the normal growing period 
can be reduced by a year and the fact that mass produc- 
tion of stems of a single variety can be accomplished 
reliably. 


Since 1980, Shimadzu Laboratories has been setting up 
botanical research groups and using biotechnology to 
develop methods of propagation. The commercialization 
of this technology for ornamental flowers began about 
three years ago, and the decision to enter mass produc- 
tion is the result of great success growing several thou- 
sand European orchids experimentally. This is the first 
time that Shimadzu has commercialized plants them- 
selves. 


Next year, Shimadzu will expand this business by using 
biotechnology to produce other seeds of high added 
value in addition to the European orchid, such as the 
wild orchid and bamboo lily, and sell the seedlings to 
horticultural farms in the suburbs of Kyoto. 


Teijin System Technology To Provide DNA 
Sequence Data Service 


94FE0399H Tokyo NIKKEI SANGYO SHIMBUN 
in Japanese 31 Jan 94 p 5 


[Text] In April, Teijin System Technology will begin a 
high-speed, on-line information service that will tell 
researches who have deciphered gene DNA (deoxyribo- 
nucleic acid) sequences whether those sequences have 
been previously published. This is the first service of this 
type within Japan. Teijin expects that many DNA 
researchers in industry and academia will use the service. 


The deciphering of gene DNA is proceeding very 
quickly, and it is said that the data is doubling every 15 
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months. For this reason there have been many examples 
of one researcher’s newly deciphered DNA sequence 
having already been published by another researcher. 
Japan, the United States, and Europe are entering DNA 
sequences into databases so that they can interchange 
and correct the data on a daily basis, thereby eliminating 
duplicates. 


The new service of TST will make use of the Genetic 
Dissemination Foundation to gather data every day 
from the National Genetic Laboratory, which is Japan’s 
window on this information exchange, and add the data 
to the TST database. Users 2t university laboratories and 
elsewhere will be able to use phone lines to send in their 
requests to look up DNA sequences, and they will find 
out in ten mintues whether that sequence has already 
been published. 


Permission to enter data into the data base will cost 
600,000 yen per year. The charge to look up a sequence 
will run from 2,000 yen to 5,000 yen, depending on 
factors such as the length of the sequence. 


Kirin Brewery Co. Massproduces Microtuber 
Using Biotechnology 


94FE03991 Tokyo NIKKEI SANGYO SHIMBUN 
in Japanese 27 Jan 94 p I 


[Text] Using a tissue culture method, which is one form 
of biotechnology, Kirin Beer has verified technology for 
mass producing microtubers in a culture vat. These 
microtubers can be used as primary buds for potatoes. In 
1994, sales of primary buds will begin switching to 
microtubers, first in America and then in Mexico, with 
the production level reaching 60,000. In three years, all 
sales of primary buds of potatoes will be mircotubers, 
with a production level of about 1,000,000. 


Primary buds are the first stage in growing bud potatoes. 
In order to improve the quality of primary buds, farmers 
usually produce three to five generations of bud potatoes 
and use them to grow potatoes. It is important for the 
primary buds to be produced under sterile conditions so 
that viral diseases are not transmitted to later stages in 
the development of bud potatoes. 


Kirin’s microtubers are produced by culturing part of a 
potato tissue, regenerating the plant body, and growing 
this in the liquid medium of a culture vat. In order to 
produce potatoes in a germ-free environment, mass 
production is accomplished in the vat in a short time 
period. This is less expensive than prior methods which 
used a germ-free greenhouse environment. 


Microtubers are small. They can be used as primary buds 
starting from as small as 0.5 grams. That makes them 
easier to handle and move around than other primary 
buds that weigh about 15 grams. 


The production of microtubers is done by a subsidiary of 
Kirin named Twiford International, a California com- 
pany specializing in tissue culture seedling production. 
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The sales in America and Mexico will be handled by the 
Idaho company named Plant Genetics Kirin, a joint 
venture of Kirin and the American company named 
Calzone. Yoshio Enomoto, Kirin’s business manager for 
agrobiology, estimates that “‘microtuber production 
costs will be only one-fifth that of current primary buds”, 
and it is expected that profit margins will therefore be 
greatly improved. Each primary bud is worth about one 
dollar, but even if a million are produced the market is 
not that large. So, besides increasing their share in the 
market for primary buds for potatoes, Kirin is also 
looking to develop technology to efficiently use micro- 
tubers on farms to produce first bud potatoes and then 
food potatoes, and to increase profits by selling not just 
primary buds but also later stages of bud potatoes and 
food potatoes. 


Toray Research Center Massproduces 
Photosynthetic Protein Aggregate 


94FE0399J Tokyo NIKKEI SANGYO SHIMBUN 
in Japanese 18 Jan 94 p 5 


[Text] Toray Research Center has verified technology for 
mass producing photosynthetic protein complexes that 
are used by higher plants and blue-green algae to convert 
light energy into electricity via hydrolysis reactions. The 
type used by photosynthetic bacteria that produce energy 
by decomposing organic matter had been mass produced 
before, but mass production of the more useful hydro- 
lytic type was more difficult. The new technology is 
expected to form the basis for efficient hydrolytic system 
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development and to be used to produce protein com- 
plexes for the next generation of mass production energy 
generation systems. 


The new technology was developed by the Toray 
Research Center, which is part of the Functional Protein 
Complex Applied Technology Project of the Ministry of 
International Trade and Industry (MIT]). 


The mass produced photosynthetic protein complex 
comes from thermophilic cyanobacteria. The complex 
contains three proteins named D1, D2, and a manganese 
stabilized protein. However, when large quantities of 
bacteria are grown, a complex containing only the man- 
ganese stabilized protein separates out, and the photo- 
synthetic function cannot be reproduced. 


The research group was able to extract the gene for the 
manganese stabilized protein and incorporate it into 
Escherichia coli for mass production. The structure of 
the purified recombinant gene was the same as that of 
the natural form. By mixing this with protein complexes 
containing D1 and D2 the original photosynthetic pro- 
tein complex was reconstituted, able to cause hydrolysis 
reactions. 


Compared with the type of protein complex that decom- 
poses organic matter, the hydrolytic type is capable both 
of hydrolysis and of generating electricity, so it can form 
a useful biosystem on its own. Along with this techno- 
logical development, Toray Research Center is also 
currently decoding the D1! gene. They plan to use this 
data and technology in the future to develop hydrolytic 
protein complexes that are more stable and easy to 
engineer. 
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EA To Establish Training Center for 
Environmental Specialists for Developing 
Countries 


94FE0857A Tokyo DENKI SHIMBUN in Japanese 
4 Aug 94 pl 


[Text] In order to broaden the scope of information 
provided for environmental specialists to be sent to the 
developing countries beginning in 1995, the Environ- 
ment Agency (EA) will establish a “Sustainable Devel- 
opment Aid Center” (temporary designation). Its aim is 
to provide environment specialists with relevant infor- 
mation and to broaden the scope of their knowledge. 


In recent years, increasingly the developing nations have 
been requesting Japan to send specialists who can serve 
as advisors to the environmental administrations and 
who are experts in the field of technical transfer Further 
increase in the number of countries sending such request 
is expected in the future. Moreover, at present, the 
number of specialists who can be sent abroad is so small 
that it is not possible for Japan to meet all incoming 
requests. At the same time, moreover, Japan has to face 
the need to deal with trainees coming from abroad. 


The center’s ultimate goal is to train personnel required 
for overseas work for the future. This will be accom- 
plished by first augmenting the knowledge of environ- 
mental specialists currently active in industries and 
regional communities, so that they will be able to func- 
tion in the developing countries as well. 


In order to make environmental technology and environ- 
mental policy know-how required by developing coun- 
tries accessible, the center will be equipped with envi- 
ronment-related devices and library. It will hold study 
and training sessions dealing with the culture of devel- 
oping countries, their environmental problems, and the 
areas in which Japan can assist. Its design work will 
begin next year. The center is to be fully active in 1997. 


The Environment Agency has approximately 400 envi- 
roumental specialists registered in its human resource 
bank. The agency plans to add to this register the names 
of those who will have completed training at the center. 
A study and training system for participants who will 
work in the developing countries already has been estab- 
lished this year. The installation of the center is calcu- 
lated to provide environmental specialists with practical 
knowledge in greater depth. The fact that the environ- 
mental problems mostly associated with pollution occur- 
ring during the mid 1950’s and 60’s are the type of 
problems currently faced by the developing countries 
will make it possible for them to utilize the Japanese 
environmental technology without much modification. 


Moreover, for specialists, the fact that they will have to 
leave their organizations, even if temporarily, to go 
abroad will create a problem, as they may lose their 
social status bestowed to them by the very organization 
from which they will have to resign. The Environment 
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Agency recognizes the need for a pooling system 
designed to guarantee the social status of specialists who 
will be sent overseas. 


Iseki & Co. Ties Up with British Company To 
Develop Low-Emission Diesel Engines 


94FE0857B Tokyo NIHON KEIZAI SHIMBUN 
in Japanese 21 Jun 94 p 12 


[Text] All inclusive cooperative arrangement made in 
the field of diesel engines by Iseki & Co. and England's 
foremost manufacturer of diesel engines for agricultural 
and industrial machines, Perkins Co., was announced on 
June 21, 1994. According to the arrangement made, Iseki 
will provide its large-scale farm machinery engine under 
licensing, and using this particular type of engine, both 
companies will jointly develop a new type of engine 
designed to meet more stringent gas emission standard 
which will become effective around 1999. In order to 
satisfy these requirements, Iseki had been searching for a 
company which will collaborate in the technical field, 
and Perkins, a company which had been considering 
entry into the large-scale agricultural machinery engine 
field, a field in which Iseki excels, was found to be an 
ideal partner for Iseki. 


In this industry, Kubota, Japan’s foremost agricultural 
machinery manufacturer, already has hooked up with 
the United States’ leading diesel engine manufacturer, 
Cummins. There is a possibility that this trend of com- 
panies choosing a path of technical cooperation with 
overseas leading manufacturers as a means of meeting 
more stringent gas emission standards will spread. 


The first step Iseki will take under the cooperative 
arrangement will be to provide Perkins with the license 
for D-series engine (displacement capacity: 2000- 
3000cc) mounted on its own agricultural machines. 
Perkins then will begin manufacturing the engine under 
its own brand name at the company plant located in 
Peterborough before the end of 1995. Annual production 
of 10,000 for 1996 and 20,000 for 1998 is being planned. 


Japanese Company Develops Highly Efficient 
Boiler Incinerator for Industrial Waste 


94FE0857C Tokyo NIKKEI SANGYO SHIMBUN 
in Japanese 27 Jun 94 p 1 


[Text] Japan Samtec, an industrial waste treatment 
plant, has developed a small/medium-size boiler incin- 
erator. By forcing hot air into the incinerator, the com- 
pany was able to realize an industrial waste incinerator 
whose combustion efficiency is 5-times greater than 
existing incinerators’, thus making it possible to utilize 
industrial wastes, which thus far have been simply dis- 
carded, as steam energy. In addition, it will save boiler 
fuel. Samtec plans to sell the newly-developed boiler 
incinerator to plants which are having hard time dealing 
with rising cost of industrial waste treatment. 
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Samtec plans to sell the new product under the name 
“Kaen” (Flame) through leading firms. The incinerator 
will burn industrial wastes at 1400°C when high-speed 
and high-pressure air preheated to the temperature of 
over 100°C is fed into it. This is a new technology known 
as a turbo jet combustion, and, as in the case of automo- 
bile turbo engines, use of a forced combustion technique 
makes efficient extraction of energy from a small amount 
of wastes possible. 


The amount of heat generated by combustion is 550,000 
kilo calories per hour, which means that its comustion 
efficiency is approximately five times that of normal 
incinerators. Capillaries stretched around the inciner- 
ator are designed to heat water circulated by combustion 
heat. Its structure, moreover, allows the incinerator to 
take in infrared and far-infrared rays efficiently, making 
it possible to generate high-temperature and high- 
pressure steam. By linking the incinerator to the existing 
boiler, it becomes possible to use steam as a preferred 
fuel for the boiler, thereby contributing to boiler fuel 
economy. 


In addition to the L model with a 300kg combustion 
capability, the incinerators are offered in M and §S 
models. Their prices range from ¥ 16.5 million to ¥ 26 
million. The company estimates the number of inciner- 
ators which will be sold for the first year to be around 
100. 


With the use of the new product, a plant can burn 
non-recyclable wastes, such as lumber, tires, and plastic 
waste, produced during the course of production. Since 
the wastes can be utilized as a fuel without any further 
processing, energy saving when translated into fuel 
economy will be substantial. Japan Samtec claims that 
by using the L-Model incinerator, a company can save a 
maximum of approximately 650 drum cans of petro- 
leum. 


A number of industrial waste recycling research projects 
in the past looked into the extraction of fuel by breaking 
up wastes; however, high cost of waste treatment 
requiring a special plant for this purpose made them less 
than successful. 


Until now, the focus of Japan Samtec has been on 
specially-ordered large-scale industrial waste treatment 
facilities. In the future, however, future, the company 
will bring out standard products which make the most of 
its unique technology. At present, Nippon Samtec is 
developing a new series of products also capable of 
dealing with sludge. Its ultimate goal is to become a 
manufacturer of all-purpose incinerators. 


Japan Samtec - a venture company which handles indus- 
trial waste treatment engineering. Industrial waste treat- 
ment plants handled by the company up to now number 
approximately 700. It also has established a treatment 
technology for such toxic wastes as organic chlorine 
solvents. The fact that seven venture capital companies 
in succession have invested in Japan Samtec in April of 
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this year is a testimony to the high esteem held by others 
for the company’s technical prowess. The total amount 
of sales recorded for the first quarter of 1994 is approx- 
imately ¥ 1.3 billion. 


Toyozawa System Develops Energy Conservation 
Type Wastewater Incinerator 


94FE0857D Tokyo NIHON KOGYO SHIMBUN 
in Japanese 24 Jun 94 p 7 


[Text] Toyozawa System, a manufacturer of a labor- 
saving machinery anc hot blast furnace, has developed 
an energy conservation type “waste water incinerator,” 
designed to burn and dispose waste water produced by 
industrial wastes. The types of waste water targeted are 
etching water of print boards, photo processing water, 
and waste water containing ink. Through the use of a 
special burner, the company was able to reduce the 
incinerator’s fuel consumption by 40-60% as compared 
with that of existing incinerators. 


The newly-developed waste water incinerator employs a 
method whereby combustion is intensified by directly 
spraying a combustion chamber, where a burner is 
producing vigorous flames, with waste water mist. Gas 
exhausts containing ashes produced by combustion are 
sent to a separate chamber where gases and ashes are 
separated and discharged. Either a lamp oil or heavy oil 
A is used as fuel. 


Existing waste-water incinerators employed the indirect 
combustion method requiring separate combustion 
chambers, one for fuel combustion and the other for 
burning waste water. The reason for this is that if waste 
water is injected into a fuel combustion chamber 
directly, it resulted in a state of poor combustion. 


In the new incinerator, the two new devices were used to 
allow direct spray of waste water into the combustion 
chamber. One is the development of a special burner 
which makes flame in the fuel combustion chamber to 
swirl and circle at high speed. Burner flames in the 
existing incinerators are of a regular kind similar to 
candle flames. With the new burner, since its flame rolls 
sprayed waste water into the combustion chamber, good 
combustion state can be maintained. 


With the second device, a flow is created by blowing air 
into the combustion chamber, thereby constantly 
sending combustibles into the combustion chamber’s 
burning zone. 


These features made it possible to increase the amount of 
lamp oil fuel used in a 1 m’ combustion room from 30 / 
to as much as 800 I, which resulted in more efficient 
burning of combustibles in a less-space-consuming com- 
bustion chamber. 


The company, moreover, developed equipment designed 
to condense waste water by evaporating liquid content 
using exhaust gases as a source of heat. The company 
offers this attachment as option. 
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The company claims that, in the validation test, the new 
incinerator was able to burn as much as 5 / print board 
etching waste water, approximately 1.7 times the 
amount handled by the existing incinerator with a | / 
lamp oil. When the condenser is atiached, it 1s possible 
to treat 10 / etching waste water. 


Toyozawa System is planning to sell incinerators with 
the waste water treatment capacity of from 15 to 100/ per 
hour. The 30-/ type (weight 500kg; dimensions | x 1.15 x 
3 m) will be priced around ¥ 3.5 million. According to 
the company, the delivery of incinerators to the electric- 
parts and chemicals manufacturers already have firmed 


up. 


Matsushita Electric Industrial Co. To Establish 
System to Provide Chemical Substance Data 


94FE0857E Tokyo NIKKAN KOGYO SHIMBUN 
in Japanese 29 Jul 94 p 9 


[Text] Matsushita Electric Industrial Co. (president: Mr. 
Yoichi Morishita) will establish a system which will 
enable the company to submit a “Material Safety Data 
Sheet” on all groups’ products and parts if requested by 
customers. The construction of the system will be under- 
taken as early as this quarter. MSDS is one of the 
environmental protection measures adopted by busi- 
nesses, with the United States industries leading the way. 
Since demand for MSDS increasingly is becoming 
stronger in Japan also, Matsushita has decided to incor- 
porate it into the company’s environmental protection 


program. 


MSDS is a sheet recording the properties of diverse 
chemical substances such as resins, adhesives, and elec- 
trolytic solutions. Since the chemical and physical prop- 
erties as well as toxicity and hazardous nature of raw 
materials used in products and parts are clearly shown in 
the sheet, using the sheet, manufacturers will be able to 
plan from the initial design stage to produce items which 
can be recycled and reused, serving once again as a 
resource, and also are gentle to environment. With its 
Environmental Energy Research Institute and subsidiary 
Techno Search undertaking a major portion of the work, 
Matsushita will gather and analyze data and, at the same 
time, request the raw material vendors to provide Mat- 
sushita with data. Matsushita’s plan is, if requested by a 
customer, to attach MSDS to all products and parts in a 
group. Construction of the system and other manage- 
ment setup will be in place in this fiscal quarter. 


Using MSDS as a basis, Matsushita hopes to conduct 
thorough assessment of products and accelerate manu- 
facturing of products appropriate for a recycling society. 
In addition, Matsushita plans to spend ¥ 4 billion in this 
quarter to deal with environmental aspects of manufac- 
turing in a responsible manner by conserving energy at 
production sites while, at the same, time reducing indus- 
trial wastes. 
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Toshiba Corp. Begins Operation of Pilot Plant to 
Convert Mixed Waste Plastic into Fuel Oil 


94FE0857F Tokyo NIKKAN KOGYO SHIMBUN 
in Japanese 10 Aug 94 p 7 


[Text] Toshiba (president: Mr. Fumio Sato) announced 
on 9 August that the company began operating a pilot 
plant installed in Yokohama to convert mixed waste 
plastic into fuel oil. The plant is to test the validity of the 
technology, designed to convert and reuse plastic waste 
containing chlorine plastic such as vinyl chloride into a 
lamp-oil type fuel oil. Using mixed plastic wastes pro- 
duced in the company’s Keihin District Works for a 
period of about one year, Toshiba will collect data 
necessary for system verification and for producing a 
practical system characterized by durability and ease of 
use. The company hopes to begin receiving orders by the 
latter half of 1995. 


Toshiba has installed the prototype plant in the com- 
pound of its Keihin Works’ Iribune Branch Factory. The 
plant consisting of a shredder, normal-pressure decom- 
position tank, condenser, pressurized decomposition 
tank, and oil-water separator, has the capacity to convert 
250kg plastic waste into oil in 11 hours. 


In December 1992, Toshiba developed a technology 
designed to convert mixed plastic wastes, which are very 
difficult to recycle, into oil. This was accomplished by 
adding alkali and water to plastic waste which then was 
heated to solidify chlorine in the form of a table salt, 
thereby suppressing the production of hydrogen chloride 
and organic chlorine compounds. This technology, 
moreover, has the capability to convert heavy oil con- 
stituent into light oil under the low pressure below 10 
atm; moreover, by adjusting pressure and temperature, it 
can control the quality of oil produced. These are the 
capabilities lacking in existing oil-conversion tech- 
nology. 


As the laboratory-scale implementation of this tech- 
nology produced good results, Toshiba began to receive 
inquiries from molded plastic product makers. The com- 
pany’s pian is to enlarge an implementation scale to meet 
practical requirements. The operation of the prototype 
plant will eventually provide the company with a fin- 
ished product, namely, a commercial plant capable of 
processing | ton of plastic waste per day at the cost of 
less than ¥ 100 million. 


The plant is designed to work as follows: alkali and water 
added to plastic waste will be heated to produce decom- 
position gases, which then will be cooled by the con- 
denser. The water-oil separator separates the water con- 
tent of the mixture and recover generated oil. Three 
types of oil which can be recovered are heavy oil, the 
type of oil similar to lamp oil, and almost gasoline-like 
oil. 
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RITE, AIST Develop Gel Film to Separate CO, 
from Emissions 


94FE0857G Tokyo NIKKAN KOGYO SHIMBUN 
in Japanese 10 Aug 94 p 5 


[Text] Jointly with the Agency of Industrial Science and 
Technology’s Material Engineering Research Institute, 
the Research Institute of Innovative Technology of the 
Earth (RITE) has developed a highly durable CO,- 
separator gel film, designed to condense only CO, from 
gas exhaust of power plants. RITE already has verified at 
a laboratory level that by changing liquid film, by which 
CO, is dissolved into aqueous solution, to gel, the film 
becomes durable enough to stand the use in low-pressure 
recovery of CO, for a duration of over a month. Since a 
10% concentration CO, contained in gas emissions can 
be condensed to 99.9%, there is a possibility of utilizing 
it in the synthesis of materials of such useful chemical 
substances as ethylene and ethanol. 


Possible Use in Raw Materials of Useful Chemical 
Substances 


The development of a new CO,-separator film was 
undertaken at the request of The New Energy and 
Industrial Technology Deveiopment Urganization 
(NEDO). This undertaking forms a part of a research 
project aimed at developing the effective treatment of 
exhaust gases containing over 10% CO,, emitted by 
thermal power stations and steel works, by separating 
and condensing CO, along and changing it to a highly 
concentrated form. 


In order to deal with the foremost problem of condensing 
CO,, RITE turned to a condensation method using a 
liquid film. When one side of the potassium carbonate 
solution’s liquid layer is brought into contact with a low 
CO, concentration gas and pressure is applied to it, 
carbon’s ionic action causes selective dissolution of CO,, 
and then CO, solution is discharged on the other side of 
the liquid layer in a highly concentrated form. 


However, when pressure is reduced, the liquid layer dries 
up almost instantly and can no longer be used. For this 
reason, this method was regarded as being difficult to 
implement in actual situations. Use of polymer group 
film, therefore, was regarded more promising. 


RITE’s chief researcher, Kazuhiro Okabe, and his asso- 
ciates solved the problem of film durability by changing 
it from liquid to gel and structuring it in three layers, 
consisting of: 


(1) a pass-through film as a base, 
(2) a polymer filter, 


(3) a water-absorbing polymer gel made of potassium 
carbonate and crown ether solution. 


CO, taken in by gel is low-pressured and can be recov- 
ered through filters. CO, separation factor at this state is 
1800, 60 times that of polymers. When exhaust gases 
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containing 10% CO, was passed through a gel film, the 
degree of CO, concentration was raised to 99.9%, and 
this performance level was maintained for over a month. 


In actual situations, a combination of gel with a polymer 
film which roughly condense CO, content in gas emis- 
sions in a brief period of time will be more promising. 
The RITE researchers plan to work on widening a 
treatment area of the equipment and on the problem of 
water as, unless improved, it will substantially raise 
operating cost. 


Mitsubishi Heavy Industries To Operate Pilot 
Plant for Industrial Waste Treatment 


94FE0857F Tokyo NIKKAN KOGYO SHIMBUN 
in Japanese 19 Jul 94 p 10 


[Text] Mitsubishi Heavy Industries soon will complete 
and begin operating a pilot plant for industrial waste 
treatment set up in its Yokohama Works. The system 
based on an incineration technology, designed to satisfy 
user needs, including a gas emission-related measure, 
will be examined and presented. Realizing that for its 
environmental equipment business, the industrial waste- 
related field will be the next technology to come afiei the 
city garbage incinerator business, Mitsubishi is rushing 
the development of a technology required in industria! 
waste treatment. 


Yokohama Works’ Kanazawa Plant is manufacturing 
boiler turbine diesels and other types of motors and 
environmental equipment. The prototype plant which 
will be completed soon is a facility for establishing a 
system based on a combustion furnace, which includes 
treatment of gas emissions. Mitsubishi will invest 
approximately ¥ 400 million. The system’s incineration 
capacity is 500kg per hour. The prototype plant will be 
operated using materials brought in by users. In this way, 
the company will be able to provide users with the 
system which best meet their needs. The field of indus- 
trial waste treatment will emerge as a highly promising 
field following the field of city garbage incinerator facil- 
ities. 


Japanese Petroleum Refining Companies Jointly 
To Develop Environmentally Friendly Gasoline 


94FE08571 Tokyo NIKKAN KOGYO SHIMBUN 
in Japanese 20 Jul 94 p 13 


[Text] The Petroleum Engineering Research Institute 
(president: Mr. Yasuoki Takeuchi), established by 25 oil 
refinery companies, will undertake research in environ- 
mentally-friendly automobile fuel technology beginning 
in 1995. This undertaking follows directly the first-phase 
automobile fuel research project which will end this year. 
The project deals with high-efficiency gasoline. Bearing 
in mind the stringent fuel emissions standards soon to be 
enforced, the institute has decided to make environ- 
mental consideration of the fuel as the focus of the 
second-phase research starting next year. 








This report contains information which is or may be copyrighted in a number of countries. Therefore, copying and/or 
further dissemination of the report is expressly prohibited without obtaining the permission of the copright owner(s). 














JPRS-JST-94-030 
21 September 1994 


Research themes to be pursued beginning in 1995 are 
fuel technology tests dealing with types of gasoline which 
do not exploit environment and resource and the next 
generation of diesel fuel. This 4-year project will con- 
tinue into 1998, and a potion of its preparation will 
begin this year. 


Anticipating that the second-phase project pursuing an 
environment- and resource-friendly gasoline technology 
will generate heated debates on the composition of 
gasoline from the environmental standpoint, the insti- 
tute will prepare itself by grasping quantitative relation- 
ship between the composition of gasoline and environ- 
ment. In doing so, a special emphasis will be placed on 
environmental effects of hydrocarbon contained in the 
gasoline. 


Research in the next generation of diesel fuel will entail 
a preparation for dealing with the regulations imposed 
on diesel vehicles’ gas emission standards aimed at 
preventing air pollution. In order to deal with the regu- 
lations, diesel fuel manufacturers most likely will request 
the institute to improve light oil properties other than 
those of sulphur contained in light oil. For this reason, 
the institute will conduct research in fuel injection 
technology, gas exhaust treatment technology, and com- 
bustion properties of the diesel engines. 


STA To Start Research Project to Solve Ozone 
Layer Destruction Mechanisms 


94FE0857J Tokyo KAGAKU KOGYO NIPPO 
in Japanese 13 Jul 94 p 1 


[Text] The Science and Technology Agency will under- 
take this year a survey to prepare for the forthcoming 
joint research program, “Elucidation of Ozone Layer 
Destruction Mechanisms,” involving governmental, 
industrial, and academic sectors. Recent research 
revealed that the fluctuation of the stratosphere occur- 
ring in the 20-40km altitude zone is closely linked with 
the destruction of the ozone layer, and, at present, 
research is being conducted at international level to 
throw light on this problem. The STA Survey will focus 
its attention to chemical reactions occurring within the 
stratosphere—the chemical reactions considered the 
foremost cause for spreading the destruction of the 
ozone layer. STA will investigate effects of stratospheric 
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change on climate in various aspects so as to expose 
important problems for pursuance of the forthcoming 
joint project. 


The ozone layer serves as a cushion, cutting off the sun’s 
ultraviolet rays which are harmful to bioentities and 
which are located in the stable stratospheric area free 
from convection currents. When the ultraviolet rays 
affect the stratosphere, oxygen molecules (O,) present in 
the stratosphere’s upper part are decomposed. The 
decomposed oxygen (O) molecules then reacts with 
oxygen molecules (O,) distributed throughout the lower 
stratosphere in a large number to produce ozone (Q,). 


Moreover, it was suggested that when the ozone layer is 
destroyed by such substances as specified CFC and 
nitrogen oxide, distinction between the “troposphere 
(men’s living environment), located in the zone at 
altitudes ranging from 10km to 12km and the “strato- 
sphere may become blurred.” (Earth Science and Tech- 
nology Research Section, STA). 


In order to elucidate the stratosphere’s fluctuation mech- 
anisms and interaction of the stratosphere and the tro- 
posphere focusing on photochemical reactions, STA 
plans to investigate a climatic fluctuation model and 
analytical method required for this purpose. 


The agency also will study the ozone-layer observation 
techniques. More specifically, it will study a method for 
developing a global observation network of “laser radar” 
(lidar), which obtains ozone density through emission of 
ultraviolet laser light by itself. The lidar is said to be 
capable of measuring ozone distribution up to the alti- 
tudes of from 40km to 50 km. 


When vapors and nitric acid in the stratospheric atmo- 
sphere turn into ice crystals and polar-zone stratospheric 
clouds are generated, “the ozone layer destruction power 
of CFC becomes greater.” (Earth Science and Tech- 
nology Research Section, STA). The STA survey will pay 
attention to this type of problems as well. 


A method for carrying out the research project will be 
studied by Research Promotion Committee whose mem- 
bership consists of Japan Meteorological Association, 
Meteorological Agency, Kyoto University, and National 
Institute of Environmental Research. The funding for 
the survey will come from the 1994 Special Coordination 
Funds for Promoting Science and Technology. 
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STA Develops New Infrared Laser for Low-Cost 
Isotope Separation 

94FE0825A Tokyo NIHON KOGYO SHIMBUN 

in Japanese 26 Jul 94 p 8 


[Text] 


Good Prospects for NRIM’s New Technology for 
Isotope Separation and Recovery 


There are good prospects that the Science and Tech- 
nology Agency’ s National Research Institute for Metals 
(NRIM; Kazuyoshi Arai, director) will develop new 
technology for the high-yield, low-cost separation and 
recovery of silicon isotopes. The technology uses infra- 
red-laser light with a specific wavelength to concentrate 
and separate only the isotopes that are wanted. In 
comparison with “electromagnetic separation,” a 
method of isotope separation that is now used, the new 
technology may be able to separate large quantities of 
silicon isotopes for a low cost, and its application in the 
separation of isotopes of other elements is also possible. 
Although it is still in the basic research stage, NRIM 
aims to perfect the technology and use it to create 
high-performance materials from elements composed of 
one species of isotope. 


Use of an Infrared Laser is the Way to High Yields for 
a Lor Cost 


In materials manufacturing, elements obtained naturally 
are usually used in their natural form, but many ele- 
ments are made up of several species of isotopes with 
different atomic numbers. Although the isotopes exhibit 
the same chemical properties, their physical properties 
are often differ slightly. 


Therefore, if a material can be manufactured by sepa- 
rating and purifying a single isotope, changes will occur 
in the properties considered to be the inherent physical 
properties of the material, which may enable the creation 
of high-performance functional materials. 


However, with the electromagnetic method of isotope 
separation used thus far, only very small quantities of 
isotopes can be recovered and the costs are extremely 
high. Furthermore, the method has limited uses, one of 
which is for NMR (nuclear magnetic resonance) tracers. 


Silicon is made up of three isotopes with atomic weights 
of 28 (Si28), 29 (Si29), and 30 (Si30). Silicon contains 
92.3% Si28, 4.67% $i29, and 3.1% Si30. 


NRIM found that, when a silicon compound called 
hexafluorosilane (gaseous state) is irradiated with 
infrared laser light that has a wavelength of about 1.4 
um, the hexafluorosilane breaks down into tetrafluorosi- 
lane and silicon polymers, and the Si30 and Si29 in the 
tetrafluorosilane are enriched to about 40% and 10%, 
respectively. 


if laser light with a higher wavelength is used, the Si28 in 
the tetrafluorosilane will be slightly enriched, and the 
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$i29 and Si30 in the unreacted hexafluorosilane will be 
enriched by almost two-fold. 


Because hexafluorosilane and tetrafluorosilane become 
solids at -20°C and -90°C, cooling separates the two 
compounds, then the desired isotopes can be recovered 
from each. 


With the electromagnetic method of isotope separation, 
only a few micrograms of isotope can be removed at one 
time, but with the new technology, gram-order yields of 
isotopes can be recovered. Although ways to achieve 
better enrichment for efficient recovery are needed, the 
expectations are that “[the new technology] conceals the 
possibility of [being able to separate isotopes] for less 
than one-thousandth the cost using electromagnetic sep- 
aration.” 


Research Development Corporation of Japan 
Develops New Nonlinear Optics Technology for 
CD Recording 


94FE0825B Tokyo NIKKEI SANGYO SHIMBUN 
in Japanese 30 Jun 94 p 5 


[Text] 


Sigma Koki and JRDC Develop Device for Measuring 
the Characteristics of Nonlinear Optical Materials 


On 28 June the Research Development Corporation of 
Japan (JRDC; Hiromichi Matsudaira, director) 
announced the successful development of a “device for 
measuring the characteristics of nonlinear optical mate- 
rials.” The JRDC had commissioned the Sigma Koki 
Company (Hidaka City, Saitama Prefecture; Shigeki 
Sugiyama, president) with the research. Nonlinear 
optical materials have properties that allow them to alter 
light’s wavelength and change their own refractive index 
to switch the direction in which the light proceeds. The 
application of nonlinear optical materials in increasing 
the memory capacity of optical disks, among other 
applications, is anticipated. The device developed by 
JRDC can get a more accurate grasp of nonlinear optical 
materials’ optical characteristics in a short time. 


Because the ways in which nonlinear optical effects 
occur differ according to the orientation of the material, 
the new device first rotates the sample while applying 
light from a helium-neon laser; it then measures the light 
that passes through the sample and determines a direc- 
tion called the principal dielectric axis. Next, the rotating 
sample is irradiated with light from a YAG laser, and the 
device detects the angle at which the amount of reflected 
light is smallest. From those measurements it determines 
the refractive index. The device then determines from 
measurements the relationship between the angle of 
incidence of the laser light and the strength of the 
higher-harmonic light (light whose wavelength changed), 
and computes the susceptibility, which indicates the 
magnitude of nonlinear optical effects. 
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In the past, those kinds of measurements were made 
manually, using separate instruments. It not only took 
time, but errors arose. With this new device, the func- 
tions are performed automatically by one piece of equip- 
ment, and the measurement work can be completed in 
about two hours. The measurements are accurate, and 
the device will be useful in the research and evaluation of 
new materials. The cost of the development, which took 
place over a two-year period starting in January 1992, 
was ¥ 190 million. 


Nonlinear optical materials are needed in order to 
shorten the wavelengths of the light used for recording 
information on optical disks so thai larger volumes of 
information can be recorded, and to realize the optical 
switches and other main parts of optical computers. 
Basic research on those materials continues to progress. 


— Develops New Type of Free-Electron 
r 


94FE0827A Tokyo KAGAKU KOGYO NIPPO 
in Japanese 7 Jun 94 p 1 


{Text} 


All the More Future Possibilities for the ‘Dream’ Light 


Research using “light” holds the key to opening up the 
next generation of science and technology. If light that is 
markedly stronger than the light already used for analyt- 
ical and industrial purposes can be obtained, the fields in 
which light is used—atomic energy, materials and solid 
state physics, medicine, electronics—will expand infi- 
nitely. In pursuit of that sort of strong light, in FY 1988 
the Japan Atomic Energy Research Institute’s Tokai 
Laboratory (Tokai Village, Ibaraki Prefecture) started 
the development of free-electron laser (FEL) technology 
that will function as a light source. The first term of that 
project is expected to end this fiscal year. The second 
term of the project will expand to the level where the 
FEL will be used in actual research, and the concept of 
constructing the FEL as a “facility for research using 
light” is coming together. We visited the Tokai Labora- 
tory, where researchers are close to making substantial 
developments with laser light from an FEL that acts as 
the driving source for a superconducting accelerator, one 
of the few in the world, and we pressed for all the details 
of the technology. 


Like the earth revolving around the sun, electrons 
(bound electrons) revolving around an atomic nucleus 
make up an atom. Whereas conventional lasers use 
bound electrons, FELs use free electrons that are not 
bound. Concretely, the radiated light produced by accel- 
erating free electrons in an accelerator is kept between 
two mirrors and is then superimposed on the electrons. 
At that time, an interaction occurs between the light and 
the electrons that causes an even more powerful beam of 
light to emerge from the FEL. Because the electrons used 
in the FEL are free, the color of the laser light can be 
changed freely. Furthermore, the light made with the 
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compound mirrors can be produced quite efficiently. 
With such lasers in the past, the heat loss was large, and 
the efficiency until laser output was poor. 


The U.S. was originally involved in the development of 
an FEL, and it was even brought up as a candidate of the 
Strategic Defense Initiative. However, the use of an FEL 
for military purposes was halted due to the reason that 
the overall efficiency was poor because of the tremen- 
dous amount of heat generated by noimally conductive 
accelerators that use high-energy electrons. JAERI is 
working to solve those problems by using superconduc- 
tive technology. When a superconductive material is 
cooled down to an extremely low temperature, its elec- 
trical resistance drops to zero, and there no longer is any 
electrical loss. JAERI exploits that merit by using an 
accelerator that is made of a superconductive material. 
As a result, says a spokesman from the Free Electron 
Laser Lab of the Reactor Engineering Section at the 
Tokai Laboratory, “the electrical loss becomes one- 
ten-thousandth of that in the case of normal conduc- 
tivity, and the heat generated from the accelerator can be 
ignored.” 


The development of the superconductive-type FEL has 
progressed through the first term. Laser light is produced 
in a process whereby a beam of accelerated electrons 
passes through an undulator for the purpose of creating 
powerful light, then enters into an optical resonator. The 
assembly of the device was completed last year. The plan 
is to use a 10- to 20-MeV electron beam to achieve actual 
laser oscillation sometime during this fiscal year. Now, 
the highest average laser output in the world is about 0.1! 
W. JAERI aims to make its FEL practical as a laser for 
industry, and wants to take on the challenge of acheiving 
an output of | kW, which would be 10,000 times the 
highest output in the world. 


The analysis of a substance’s surface requires a precise 
laser that produces powerful, coherent light. If an FEL is 
used for that, the wavelength of the light can be tuned in 
places that are easy to investigate so that properties that 
are difficult to grasp with a conventional laser can be 
elucidated readily. 


The facility for research using light will provide a place 
for such research utilizing an FEL. Concretely, the two 
accelerators there now will be increased to tens of 
accelerators to realize a “high-output experimental sta- 
tion.” After passing through optical fiber, the laser light 
will be sent to separate experimental facilities within the 
station. ““We would also like to offer it as a free service to 
nearby laboratories,” says a spokesman from the Free 
Electron Laser Lab. 


Research that involves the manipulation of “dream 
light” is steadily heading toward the real show, not just 
rehearsals. 
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Correction of Aberration in Gradient Lens By 
Adjustment of Refractive Index 


94FE0711A Tokyo BULLETIN OF THE 
ELECTROTECHNICAL LAB in Japanese Vol 58 
No 1, Jan 94 pp 47-54 


[Article by K. Kikuchi: “Analysis of Axial Gradient- 
Index Planar-Sandwiched Sphere and Semi-Sphere Lens 
System”; received 17 December 1993] 


[Text] 


1. Introduction 


In the fields of optical information processing and 
optical communic. ins, there are needs for small, high- 
resolution microlenses that have simple shapes. If 
optical computers are added, the demands for such 
microlenses will be even higher. In the past, spherical 
lenses, aspherical lenses, gradient-index lenses and the 
like have been put into practical use. As for gradient- 
index lenses, there are axial-symmetry, axial, and spher- 
ical-symmetry-distributed gradient-index lenses. 


A conventional axial gradient-index lens, which is a 
spherical-surface lens cut from a medium in which the 
refractive index varies from the plane perpendicular to 
the optical axis to the surface of the lens, has air as its 
peripheral medium. With a simple axial gradient-index 
lens, for example, spherical surface aberration and 
comatic aberration can be corrected."? 


The lens systems treated in this analysis uses a sphere 
with a high refractive index, the sphere adjoins a concave 
surface hollowed out in a plate in which the refractive 
index varies from the surface inward. Although the 
difference in refractive index at the interface is small, 
focusing power is obtained by making the curvature of 
the spherical surface large. Two types of lens systems are 
considered: a parallel-ray converging type, and a tens 
system for use in a magnification and inversion system. 
The basis is that refractive index distributions of the 
plates on both sides of the sphere increase towards the 
sphere so that when the concave side is opened up the 
peripheral refractive index becomes high. The difference 
with the high refractive index of the sphere is made 
smaller. The refraction of the peripheral light is weak- 
ened, which corrects for the spherical aberration, and the 
lens system corrects for comatic aberration by the distri- 
bution of the refractive index gradient.”) However, this 
refractive index distribution excessively compensates for 
field curvature, and, because the outer side is hollowed 
out, it introduces a refractive index with a gradient the 
inverse of that of the semi-sphere and flattens the 
average field. Furthermore, the refractive index of the 
semi-sphere of the parallel-ray converging lens system 
can be varied as needed to correct for distortion.” With 
the lens system for use in a magnification and inversion 
system, even off-axis principal rays of the incoming and 
outgoing light bundles are brought nearly in parallel with 
the optical axis. Such a lens system is suitable for joining 
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Figure 1. Axial Gradient-Index 
Sphere and Semi-Sphere Lens System for Parallel-Ray 
Convergence 











optical fibers, for example.*’ The refractive-index distri- 
bution that corrects for spherical aberration and sine 
condition is determined by a triangulation method that 
takes into account the directional changes of light rays at 
the boundaries and in the inhomogeneous sections of the 
lens system. | use a cosine formula expanded for the case 
where an inhomogeneous medium is present to get a 
rough estimate of the field curvature, which I then verify 
with ray tracing. 


2. Parallel-Ray Converging Lens System 


An example of a parallel-ray converging lens system is an 
analyzer lens, which is used for analyzing spatial fre- 
quency; it concentrates diffracted, parallel light to an 
image height that is proportional to the sine of that 
diffraction angle. Two other examples are an {8 lens, 
which concentrates light that is parallel to 6, the angle 
that the light ray makes with the optical axis, to an image 
height f8, where f is the focal distance; and a camera lens, 
which concentrates nearly parallel light from an object 
point at a far eriough distance to a height ftan®. 


Figure | shows a parallel-ray converging lens system 
consisting of two plates that have an axial refractive- 
index distribution and are at least thick enough to hollow 
out a concave side, a sphere inserted between the two 
plates, and a semi-sphere attached to the edge on the 
image side. Concave surfaces open out of one side of one 
plate and two sides of another plate, and the focal point 
of the lens is the center of the semi-sphere. The refrac- 
tive-index distributions on both sides of the sphere are 
chosen so as to correct for spherical aberration and sine 
condition, and the refractive-index distribution adjacent 
to the semi-sphere is chosen so as to correct for the entire 
field curvature. In addition, distortion is corrected by 
choosing the refractive index of the semi-sphere 
according to whether the lens is an analyzer lens, {8 lens, 
or camera lens. 


2.1 Refractive-Index Distribution 


The axial refractive-index distribution of the inhomoge- 
neous sections of the plates is expressed in Eqn. (1), in 
which the center of the adjoining sphere is positive, and 
in Eqn. (2), which facilitates integration of the light 
beam’s path. 
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N; (z,)=N,(1+t9(z,/R)+1,,(z;/R)”) Eqn. (1) _ teeta ; 

N; (z,)=N,(1+€5(z,/R)+€,,(z,/R)”) Eqn. (2) 2 _ is “iz 

Here, the subscript j indicates the jth inhomogeneous vis y2 PSS 
section from the left. However, in the lens for use in a (a) ee weer ” —— 


magnification and inversion system discussed in Section 
3 of this article, j=O0 and then the subsequent section is 
j+1. The prime symbol (’) signifies the inhomogeneous 
section on the right side of the interface, but that can be 
omitted for the lens system treated here because only one 
side of the interface is an inhomogeneous section. Thus, 
outside of general considerations omissions may be 
made. N, is the refractive index of the homogeneous 
sections of the plates, and R is the radius of the sphere. 


If a concave surface with a radius of curvature R is 
hollowed out down to a depth of z;=0 in the inhomoge- 
neous section of a plate with the refractive-index distri- 
bution expressed in Eqn.’s (1) and (2), using an expan- 
sion of the formula for the spherical surface (z/ 
R=(y/R)?/2+(y/R)*/8+...), the refractive index of the 
opening will be: 


Nj (y=N,(1+05(y/R)*+0,;,(y/R)*) Eqn. (3) 


Eliminating j, the coefficients of Eqn.’s (1) and (3), and 
the coefficients of Eqn.’s (2) and (3), will become Egn.’s 
(4) and (5). 


1=26,, 1,=40,- 6, Eqn. (4) 
&=460,, 6,=86,- 20,440, Eqn. (5) 


2.2 Correction of Spherical Aberration and Sine 
Condition 


Because the focal point of the parallel-ray converging 
lens of Figure 1 is the center of the semi-sphere, the 
direction of the light ray passing through it is slightly 
changed by the inhomogeneous section adjoining the 
semi-sphere, but because the light ray passes almost 
perpendicularly through the spherical surface of the 
semi-sphere, hardly any spherical aberration occurs. So, 
taking the basic lens to be that shown in Figure 2 (a), 
with the semi-sphere and its adjoining inhomogeneous 
section removed, we determine the coefficients of the 
refractive-index distributions of the inhomogeneous sec- 
tions of the plates on the sphere side that will correct for 
spherical aberration and sine condition. 


Sine condition: When the spherical aberration is cor- 
rected and a light ray parallel to the optical axis is 
incident upon the basic lens, 


y ,/f=sinuz,’ Eqn. (6) 


where y, is the incident height, as shown in Figure 2 (a), 
f is the focal distance, and u,,” is the angle of conver- 
gence. Because Eqn. (6) is satisfied when the changes in 
the direction of the light ray near the first spherical 
surface and near the second spherical surface are equal, 
the sine condition will be as given in Eqn. (7). 


i,-1,"= i,’- i+ Ux9- Uz Eqn. (7) 














(b) 








Figure 2. Diagrams for Determining Refractive-Index 
Distribution Coefficients that Correct for Spherical 
Aberration and Sine Condition. 


(a) Basic Lens; (b) Expanded View of Second Inhomoge- 
neous Section 





However, considering the changes in the direction of the 
light rays, with the inhomogeneous section made to be 
within a narrow range in the axial direction, the curved 
path approximates to a straight line. Snell’s Law for the 
refraction at the boundaries of the first and second 
surfaces (Eqn. (8)), and the changes in the direction of 
the light ray in the second inhomogeneous section (Eqn. 
(9)) will be combined with Eqn. (7) and used in a 
polynomial expansion later. 


N,(y,)sini,= N,sini,’, N,sini,= N,(y,)sini,’, i,=1,’ Eqn. 
(8) 


N(y,)sinu,’"= N,Sinuy, Egn. (9) 


Correction of spherical aberration: Assuming the sine 
condition (Eqn. (7)), the parallel incident light will be 
subject to a 2(i,- i,") direction and will converge. In 
addition, because the first surface’s angle of refraction i, 
and the second surface’s angle of refraction i, are equiv- 
alent, the first surface’s angle of incidence will be equiv- 
alent to the angle of the outgoing ray after it passes 
through the second inhomogeneous section. Thus, a 
triangular rule as in Eqn. (10) appears in the angles 
related to the first surface in the triangle on the side of 
the outgoing light ray in Figure 2(a). 


R/sin(2i,-2i,’)=f/sini, Eqn. (10) 


If Eqn. (10) is realized with the same focal distance f, 
even if the incidence height y, varies, then that means 
that there is no spherical aberration. Thus, the polyno- 
mial expansion with y, will be an equation with only 
terms raised to even powers, but those coefficients must 
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be zero. In the manner of an approximation, we make 
only the Oth-, 2nd-, and 4th-zero power coefficients zero, 
then we obtain the second-order and fourth-order coef- 
ficients (Eqn.’s (11), (12), and (13)) relating to the focal 
distances and the heights, y, of the inhomogeneous 
section on the side of the sphere’s first surface. 


f/R=0.5N,,/(N,y-1) Eqn. (11) 
6,,=0.5(N,y-1(3/N,y-1- 1/N,,2) Eqn. (12) 


6,,=0.125(N,,-1)(-9+39/N,,- 55/Ny,7+33/ Ny,*-7/ Ny *) 
Egn. (13) 


Here, N, is the refractive index of the sphere, N, is the 
refractive index of the inhomogeneous section, R is the 
radius of the sphere, and N,, is N, divided by N,. 


If we use the first of the Snell’s Law equations in Egn. (8 
yand include the coefficents of Eqn. (12) on the first 
surface to determine the second surface height y,, 


(y.R)?=(y,R)?(2/Ny,-1)?(1+2(1-1/ Nyy, R)?) Eqn. (14) 


Using the sine condition (Eqn. (7)), Snell’s Law (Eqn. 
(8)), the second inhomogeneous section’s directional 
changes (Eqn. (9)), and the equations determined above 
(Eqn.’s (11) - (14)), the inhomogeneous coefficients on 
the side of the second surface are given by Eqn.’s (15) 
and (16). 


6=6;,/(2/N,,- 1)° Eqn. (15) 
5,2=(0, )-r,(1- 1/Ngp(5-2/Ng,))/(2/Ng.- 1)°) Eqn. (16) 


2.3 Ray Tracing the Basic Lens 


According to documentation,” the path taken by arbi- 
trary light rays diffracted at the boundary of the surface 
of a sphere that is a homogeneous medium can be 
calculated. Because there are inhomogeneous sectiond 
adjacent to the spherical surface in the lens system 
analyzed here, we integrated the path of the light rays in 
that inhomogeneous section, as shown below, to connect 
the path to the homogeneous medium. According to 
documentation,°'the path of the light rays in an axial 
gradient-index medium is determined by integration of 
the light ray formula. That is, the x, component of the 
light ray formula is expressed by Eqn. (17). 


d(n(z)dx,/ds)/ds=dn(z)/dx,, (k=1,2,3) Eqn. (17) 


Here, the optical axis is the z axis, and the x and y axes 
are perpendicular to that. (x,y,z)={ x,, X2, X3), ds=(dx7+ 
dy’+ dz’)'’?, and n(z) is the refractive index that depends 
on z only. Because the right side of the equation for the 
x and y components is zero, integrating Eqn.(17) results 
in Egn. (18). 


n(z)dx,/ds=C,,, (k=1,2) Eqn. (18) 


Here, the path is connected from the homogeneous 
section with the conserving quantity C,. Using Eqn.(19) 
in Eqn. (18) to eliiminate ds results in Eqn. (20). 


dx,=C,dz/(n7(z)- C,?- C,)'”?, (k=1,2) Eqn. (20) 
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When n(z) is given a* a square root of a second-order 
function of z, as in Eqn. (2), Eqn. (20) can be integrated 
in function form. Eqn. (20) becomes the log function and 
the arc tangent function of the positive and negative e, 
coefficients of the second-power term. Figure 3’s depic- 
tion of the profile of the image field resulting from 
parallel-rays incident upon the basic lens was obtained 
by using Eqn. (5) to convert the o, determined in Section 
2.2 and a corrected value’ of the higher-order o, into the 
z-direction distribution coefficient €, and substituting 
that into the integral form of Eqn. (20) to determine the 
path, which is then connected to the homogeneous 
section. The upper diagrams are of the sagittal image 
surface; the bottom diagrams, the meridional image 
surface. The diagrams on the right are extracted from 
around the focal point and expanded 10 times. Inciden- 
tally, if we imagine circular diaphragms with a radius of 
0.7R on the first and second spherical surfaces, from the 
diagrams we know that the spherical aberration and 
comatic aberration are corrected by the basic lens, but 
the curvature of field will be overcorrected and will be 
concave, though it will be convex and curving outward 
with the original spherical lens. 


“Because the second-order coefficient €, relating to the z 
of the second inhomogeneous section is negative and its 
absolute value is large, even higher-order terms will be 
needed in the polynomial expansion. Here, however, 
instead of determining the higher-order terms I used 
values found by trial and error so that the absolute value 
of the second-order coefficient is a low value and the 
sagittal image surface is good. 











Figure 3. Profile of Image Field When Parallel Light 
Rays are Incident Upon the Basic Lens, Found by Ray 
Tracing. The upper diagrams are of the sagittal image 
surface; the bottom diagrams, the meridional image sur- 
face. The diagrams on the right are extracted from 
around the focal point and expanded 10 times. 


Key: |. Difference in axial refractive index; 2. Image 
height; 3. Image height. 
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2.4 Interpretation and Approximate Analysis of 
Curvature of Field 


When an expanded expression of the cosine formula” 
for two proximal light rays is made in the case where the 
axial distribution is a narrow range, the inhomogeneous 
section that receives the proximal light rays is divided 
into two regions: a parallel section and a triangular 
section. The tangential image t’ and the sagittal image s’ 
of the boundary refraction that includes the triangular 
inhomogeneous section (see Figure 4) will be as given in 
Egn.’s (21) and (22). 


N’cos7i’/t’=Ncos’i/t+(N’cos i’=Ncosi)/r- (8Npo/ 
rh TtannconthH(ON'po/ PQ\sini’+tanu’cosi’) Eqn. 


N’/s’=N/s+(N’cosi’-Ncosi)/r Eqn. (22) 


Here, the expressions Np,/PQ and 5N’p,/PQ are the 
slopes of the changes (with respect to the distance PQ) in 
the refractive index of the media on the side where the 
light is incident on the boundary and the side where the 
light comes out between the points P and Q on the 
boundary through which the two light rays cut. Because 
only one boundary is an inhomogeneous section in the 
lens analyzed here, it will be zero for the other. 


In addition, indicating 0 for the homogeneous section, 
the absorption and divergence effects felt by the two 
proximal light rays in the parallel inhomogeneous ser- 
tion sandwiched between two planes perpendicular to 
the uptical axis are as given in Eqn.’s (23) and (24) for the 
first and second inhomogeneous sections, respectively. 


(tio,Si0)=(t,,8,) NL/Nj(y,) Eqn. (23) 
(t29’,S20 =(t2’,82") N,/N2’(y2) Eqn. (24) 


If we investigate the curvature of field of the basic lens, 
when the meridional and sagittal surfaces of two prox- 
imal light rays passing close to the center of the sphere 
are taken, the distances from the spherical surface to the 
field are determined by applying in order Eqn’s (21) to 
(24) to the first and second spherical surfaces. With R as 
the distance from the center of the sphere, we obtain 
Egn.’s (25) and (26) for the tangent of the half angle of 
field (- y,/R=y,/R=y/R). 


too +R=fi 1+Cnerly/R)’), Crrer™(3f/RMG-,+(2/Ny,-1 ) On 
Eqn. (25) 


S29 +R=f(1+C,.¢i(y/R)”), Coagi=Cme/3 Eqn. (26) 


Substituting into Eqn.’s (12) and (15), C,,.,=1.5(3/ 
N,p-1-1/N,,- 17)(2/N,,-1). With a sample value of 
Ny=!.167, C.,¢-=1.76 and C,,,,=0.59. A flat field is at a 
distance (f/R)(R?+y’)'”? to f(1+0.5(y/R)*) away from the 
center of the sphere. Because they are greater than 0.5, 
the values of the coefficients C,,,., and C,,,, signify that 
the image will be formed outside of the flat plane. 
Incidentally, the coefficient is zero for the field of a 
spherical symmetric lens because it is a spherical surface 
with radius f from the center of the sphere. The results of 
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Figure 4. (a) Diagram for expanding the cosine formula 
for two proximal light rays when a narrow inhomoge- 
neous section is included. (b) The inhomogeneous sec- 

tion that receives the proximal light rays is divided into 
a parallel section and a triangular section. The trian- 
gular section is formulated with the spherical surface 

refraction. 


Key: 1. Refractive-index distribution 





the ray tracing in Section 2.3 also show that the image 
will be formed outside of the flat plane. 


2.5 Field Curvature Correction 

Setting up a third inhomogeneous section and a semi- 
sphere, as shown in Figure |, so that the refractive-index 
distribution decreases toward the center of the semi- 
sphere, which is the opposite of the refractive-index 
distribution in the first and second inhomogeneous 
sections, cancels some of the overcorrection of the field 
curvature due to the first and second inhomogeneous 
sections. Because the center of the semi-sphere is the 
focal point, there is little effect on the spherical aberra- 
tion of the third inhomogeneous section, and it can be 


treated independently. 


When estimating the field curvature attained, it is known 
that the meridional image surface changes three times as 
much as the sagittal image surface. Therefore, to change 
the coefficients of curvature obtained in Section 2.4 and 
make the average of 1.76-K and 0.59-K the coefficient of 
a flat surface, 0.5, we determine that K=0.34, then 
substituting that results in a C,,,.,=0.75 and Csagi=0.25. 
Thus, in comparison with the 0 coefficient for a spherical 
symmetric lens, the difference from the 0.5 coefficient 
for a flat susrface is half, so the resolving power will be 
twice that of a spherical symmetric lens that only cor- 
rects for spherical aberration. The refractive index of the 
semi-sphere N,.,,, for correcting field distortion in Sec- 
tion 2.6 is chosen to be lower than the plates’ refractive 
index N,, the Petzal curvature decreases, and the field 


distortion becomes even smaller. 


2.6 Distortion Correction 
With an analyzer lens, there will be no distortion at a 
linear height for sin@(8-0°/6), where @ is the angle that the 
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Figure 5. Distortion and Semi-sphere Refractive Index 


Key: |.Distortion (%); 2. Analyzer lens; 3. Camera lens; 
4. f8 lens; 5. Refractive index of semi-sphere 





incident light ray makes with the optical axis; with an f0 
lens, 9; and with a camera lens, tan6(0+0°/3). As the 
refractive index of the semi-sphere gets lower than that 
of the plates, the peripheral light faces outward with the 
boundary refraction, so that there will be more nonlin- 
earity than with a camera lens. Figure 5 shows the results 
of using ray tracing to investigate distortion with respect 
to the refractive index of the semi-sphere for the three 
types of lenses. 

2.7 Ray Tracing a Configuration That Corrects for Field 
Curvature 

Figure 6 shows the profiles of the image field formed by 
the lens shown in Figure 1, in which a gradient refrac- 
tive-index distribution inverse to that of the semi-sphere 
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on the image side is formed. These results were obtained 
by the same ray-tracing method described in Section 2.3. 
For the analyzer lens, the refractive index of the semi- 
sphere was made 1.45, a value which eliminates distor- 
tion. In addition, at a 6,,,become flat. In comparison 
with the basic lens in Figure 3, at an image height of 0.6R 
the resolving power is about five times higher. The 
resolution at an image height of 0.6R is determined to be 
about 150 lines/R. 


(a) and (b) of Figure 7 depict extracted and expanded 
image surfaces obtained with an f@ lens and a camera 
lens when the values of the refractive indices of the 
semi-spheres were 1.4 and 1.35, respectively. As the 
refractive index of the semi-sphere gets smaller, the 
image surface attained after correction becomes flatter. 


3. Lens for Use in a Magnification and Inversion 
System 


Considering the case where an optical system is inserted 
between optical-fiber arrays, the ideal situation would be 
that there is no aberration and there is a !-to-1 image 
formation from surface to surface, and that the principal 
rays of a convergent bundle of light rays from an optical 
fiber placed off-axis will become parallel to the optical 
axis so that the coupling efficiency does not decrease. 
With a parallel-ray converging lens, the refractive index 
of the semi-sphere is lower than the refractive index of 
the plates so as to minimize distortion, but in the lens 
discussed in this section, the refractive index of the 
semi-sphere is higher than that of the plates because of 
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Figure 6. Profile of Image Field When Parallel Light Rays are Incident at an Angle 6 with the Optical Axis in the 
Lens of Figure 1. The upper diagrams are of the sagittal image surface; the bottom diagrams, the meridional image 
surface. The diagrams on the right are extracted from around the focal point and expanded 10 times. The refractive 
index of the semi-sphere was chosen so that the image height is proportional to sin 8 and the lens can be used for 
analyzing spatial frequency. 
Key: 1. Difference in axial refractive index; 2. Image height; 3. Image height. 
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6.1 











Figure 7. Image Field Extracted and Expanded 10 
Times. (a) shows the refractive index of the semi-sphere 
in an f6 lens; (b), in a camera lens. 

Key: 1. f8 lens 2. Camera lens 3. (a) Image height 4. (b) 

Image height 





the requirement that even off-axis principal rays will 
become parallel to the optical axis. 


The configuration of such a lens is shown in Figure 8. 
Concave surfaces are hollowed out of both surfaces of 
two axial gradient-index plates, between which a sphere 
is inserted. Semi-spheres are attached to the other ends 
of the two plates. The centers of those two semi-spheres 
are in a mutual conjugate point relationship, i.e., an 
object point or image point relationship. Because it is a 
magnification system, the refractive-index distributions 
of both sides of the sphere increase equally toward the 
inside of the sphere and correct for the spherical aberra- 
tion, and the refractive-index distributions of the inho- 
mogeneous sections on the sides of the semi-sphere 
decrease equally toward the semi-sphere to correct for 
the overall field curvature. Image distortion is automat- 
ically corrected. 


3.1 Correction of Spherical Aberration 


Because the semi-spheres and inhomogeneous sections 
can be formed on the side of the light source, in Eqn.’s (1) 
- (3) that describe the refractive-index distributions, the 
inhomogeneous sections are enumerated by an index j 
that starts from zero. Because we are dealing with a 
magnification system here, the coefficients for j=0 and 
j=3, and the coefficients for j=1 and j=2 are equal and 
each express O,,., O,, etc. Because a light bundle ema- 
nating from the center of one semi-sphere forms an 
image at the center of the other semi-sphere, the semi- 
sphere section does not increase the spherical aberration, 
as in Section 2.2. Figure 9 (a) shows the basic lens, which 
is the system in Figure 8 without the semi-spheres and 
the inhomogeneous sections near the semi-spheres. The 
refractive-index distribution coefficient that will correct 
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Figure 8. Axial Gradient-Index Planar-Sandwiched 
Sphere and Semi-Sphere Lens for Use in a Magnifica- 
tion and Inversion System 


Key: |. Refractive index 
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Figure 9. (a) Basic lens without semi-sphere section (b) 
Diagram for determining refractive-index distribution on 
sphere side that corrects for spherical aberration 
Key: 1. Light ray parallel to optical axis, for simplicity 

















for spherical aberration is determined with the basic 
lens. Figure 9 (b) depicts the right half of the lens when 
parallel light from the left is incident upon the lens. For 
the sake of simplicity, the expressions and equations of 
Section 2.2 are rewritten as shown below. The distribu- 
tion is taken to be N,(y,2= i,, i,’= i,, U,"= uy, aNd Uy 9 =U. 
Thus, the angle relationship, Snell's Law, and the 
changes in the direction of the light ray due to the 
inhomogeneous section result in Eqn.’s (27) - (29). 


iy-Uy=1,-U,, sini=y/R Eqn. (27) 
N,sini,=N(y)sini, Eqn. (28) 
N(y)sinu,=N,,sinu,, Eqn. (29) 


The triangle created by the optical axis, the light ray, and 
the radius from the center of the sphere to the refraction 
point in Figure 9 (b) is used to obtain Eqn. (30). 


sinu,/R=(sini,)/((2f- Roosi,)?=y?)'”? Eqn. (3) 


However, taking into consideration the changes in the 
direction of the light ray due to the inhomogeneous 
section, the curved path approximates to a straight line. 
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Figure 10. Using Refractive-Index Distribution Coefficients to Ray-Trace Basic Lens, and Profile of Image Surface 
Key: 1. Difference in axial refractive index; 2. Sagittal image surface; 3. Meridional image surface; 4. Image height; 5. 


Image height. 





Expressing the (y/R)? polynomial expansion of Eqn. (30) 
in the form A,+ A,(y/R)*+ A,(y/R)* ... = 0, and setting 
the coefficients Ap, A, and A, to 0, we obtain Eqn.’s (31) 
to (33). 


2f/R=N,,/ (N,,-1) Eqn. (31) 
6=0.5Ny,°(Ny-!) Eqn. (32) 
6,=0.256,(1- Nyy(Np-1) (Ng, +2) Eqn. (33) 


3.2 Ray Tracing the Basic Lens 


I used Eqn. (5) to determine the coefficient ¢ from the 
coefficient o determined in Section 3.1, and substituted 
it into Eqn. (2). Then I connected the path determined 
from the integral of Eqn. (20) to the homogeneous 
section. Figure 10 shows the profile of the image surface 
when the height of the object point changed. The upper 
diagrams are of the sagittal image surface; the bottom 
diagrams, the meridional image surface. The diagrams 
on the right are extracted from around the focal point 
and expanded 10 times. Incidentally, imagine circular 
diaphragms with a radius of 0.7R on the first and second 
spherical surfaces. I used the coefficients of Eqn.’s (32) 
and (33) to ray-trace a lens for use in a magnification 
system. Unlike the coefficients for the second inhomo- 
geneous section in Section 2, the convergence of the 


polynomial expansion is good. 


3.3 Estimating the Field Curvature of the Basic Lens 


I will determine the object points that two proximal light 
rays passing near the center of the sphere form as a result 
of the second spherical surface and the inhomogeneous 
section. First, for the sagittal object point, t’ is deter- 
mined by substituting re-R, N=N,, and N’=N,(1+o(<y/ 


R)’) into Eqn. (21). Then, considering the effects of the 
parallel inhomogeneous section, I determine t,’ from 
Egn. (24). Adding R to make it the distance from the 
center of sphere, I obtain Eqn. (34). 


to’ =2f1+Crerily/ R)’), Crreri® 3O¢ (Ng (Ny-1)) Eqn. (34) 


Similary, for the sagittal image surface the equation 
become Egn. (35). 


$'+R=2f(1+C,.:(y/R)”), Cyagi*Cmeri/3 Eqn. (35) 


With the sample numerical value of N,,.=1.167, the value 
Of Cireri Becomes 1.75 and the value of C,,,, becomes 
0.58. Like the parallel-ray converging lens, both are 
positive curvatures. 


3.4 Ray Tracing After Correction of Field Curvature 


Figure | 1 shows the profile of the image surface when the 
height of an object point at a distance 2f from the center 
of the sphere changes for the lens of Figure 8 to which 
axial distributions with gradients the inverse of that of 
the semi-sphere are attached at both ends for the purpose 
of correcting field curvature. The upper diagrams are of 
the sagittal image surface; the bottom diagrams, the 
meridional image surface. The diagrams on the right are 
extracted from around the focal point and expanded 10 
times. Incidentally, imagine circular diaphragms with a 
radius of 0.7R on the first, second, third and fourth 
spherical surfaces. 


3.5 Conditions for Making Incoming and Outgoi 
Off-Axis Principal Rays Nearly Parallel to Axis 


Because the light ray passing through the center of the 
sphere in Figure 12 passes perpendicularly through the 








This report contains information which is or may be copyrighted in a number of countries. Therefore, copying and/or 
further dissemination of the report is expressly prohibited without obtaining the permission of the copright owner(s). 


























& 
* 
ro 
lg (rt +*0. 227) 
(ts*-0. 07 ) 
é s 











0 5B 
STF ee a owe | 8 le fa lox 
aa on 
Figure 11. Ray Tracing the aon) sng of Figure 8, 


and Profile of Image Surface 


Key: |. Difference in axial refractive index; 2. Sagittal 
image surface; 3. Meridional image surface; 4. Image 
height; 5. Image height. 





sphere’s surface and passes through the inhomogeneous 
section at a low height, it proceeds without changing 
direction to the semi-sphere side where its direction 
changes in the inhomogeneous section and at the spher- 
ical surface. To make a light ray at a height of y,..,, 
parallel to the optical axis, Eqn. (36) can be applied to 
N,.m: the refractive index of the semi-sphere. The N, on 
the semi-sphere side in Eqn.’s (27)-(29) is determined by 
using the equations with N,.,..,,. 


Nyem@™N,- 0.5N,(Nyn2(Ngu- > 265-Yeemn/R)? Eqn. (36) 


Because I choose a negative value for the o,. of the 
inhomogeneous section, the terms in parentheses are 
positive, and, even if Eqn. (36) is satisfied for a certain 
image height, for other heights it will not be satisfied. 
However, as seen in the ray-tracing diagrams in Figure 
11, the light ray is nearly parallel to the optical axis. 
When Eqn. (36) is satisfied with the sample 
valueso,.=1.167, N,=1.75, and y,.../R=0.7, the value of 
Ny Will be 1.6. 


3.6 Application Examples 


Figure 13 (a) is an example of a transmission-type 
wavelength divider made by dividing the sphere into two 
and inserting a diffraction grating between the two 
hemispheres. Figure 13 (b) is an example of a wavelength 
divider that uses a reflection-type diffraction grating in 
one half of (a). From the resolution computed, when a 
sphere with a diameter of 3mm is used, a lens in which 
about 12 single-mode optical fibers (diameteer, 125 ym; 
core diameter, 10 xm) are placed will be formed. 


4. Conclusion 


The refractive-index distribution that corrects for spher- 
ical aberration and sine condition were determined up to 











Figure 12. Diagram for Determining Semi-sphere’s 
Refractive Index that Makes Incoming and Outgoing 
Off-Axis Principal Rays Nearly Parallel to Optical Axis 
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Figure 13. Application Examples. (a) Transmission- 
Type Wavelength Divider (b) Reflection-Type Wave- 
length Divider 





the second-power z axial-direction coefficients. In a 
parallel-ray converging lens, however, the absolute value 
of the second-power coefficient for the second inhomo- 
geneous section gets large, and the approximation will 
not be good if the higher-order terms are not taken into 
consideration. Nevertheless, in this analysis I took into 
account the fact that the higher-order terms will have 
opposite signs, made the absolute value of the second- 
power coefficient small, and used ray tracing to find that 
value by trial and error. With the lens for use in a 
magnification and inversion system, the polynomial 
expansion of the refractive-index distribution converged 
nicely and was sufficient up to the second-power coeffi- 
cient. 


To correct field curvature, refractive-index distributions 
inverse to that of the semi-spheres were formed in places 
where there would be no effect on the spherical aberra- 
tion, and the resolution increased about five-fold at an 
image height of 0.6 R. The coefficient of the inverse 
refractive-index distribution can be estimated with a 
cosiae formula that includes the inhomogeneous section, 
but here I used the value found by trial and error using 
ray tracing. A lens with a resolution of about 150 lines/R 
for an image height of 0.6 R was designed. 


The parallel-ray converging lens is insufficient as a 
Fourier transform lens. The reason why is that it cannot 
be used in multiple stages because the parallel rays pass 
out of the lens diagonally. 


I would like to thank Lab Chief Hidaka and Section 
Chief Yajima for their assistance. 
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Government Industrial Research Institute 
Develops Positron Beam Facility for Analysis of 
Materials at Atomic Level 


94FE0827B Tokyo NIKKAN KOGYO SHIMBUN 
in Japanese 24 Jun 94 p 7 


Success in High-Sensitivity Analysis of Material 
py mer Atomic-Level Analysis of Functional 
ateriais 


There has been a series of results from research using 
various types of beams. The Electrotechnical Laboratory 
(Mototaro Tomiyama, director) of the Government 
Industrial Research Institute (GIRI) succeeded in pre- 
liminary experiments in which positron beams were used 
for high-sensitivity analyses of material surfaces. The 
laboratory also produced a silicon-germanium-carbon 
crystal, using ion beams throughout the entire process, 
that is expected to become a new material for high-speed 
devices. GIRI’s National Institute of Materials and 
Chemical Research (Jiro Hiraishi, director), on the other 
hand, developed the world’s highest-level soft-X-ray 
beam line in a joint effort with the Ministry of Educa- 
tion’s National Laboratory for High-Energy Physics, and 
confirmed that it can analyze functional materials at the 
atomic level. 


Utilization of Positron Beams 


Ryoichi Suzuki, a chief researcher at the Electrotechnical 
Laboratory, used a low-speed short-pulse positron beam 
to trial-produce a surface analysis device with several 
times higher resolution than conventional devices of its 
kind. 


The usual way to analyze a material’s surface is to 
perform a spectral analysis of the Auger electrons 
expelled from an atom when an electron transition 
occurs. Suzuki, however, took note of the method of 
positron-annihilation-excitation Auger electron spec- 
troscopy that was developed in the the U.S. That method 
uses the Auger electrons generated from the annihilation 
of a positron, which is the anti-particle of an electron, 
and an inner-shell electron. With that method, the spec- 
trum can be measured without effects from the second 
electron, and the surface sensitivity is high. 


Nevertheless, the low resolution of conventional devices 
has been a disadvantage. For that reason Suzuki trial- 
produced a device that generates a very-short-pulse 
positron beam—up to 10’ positrons per second—which 
passes through a deflector plate, irradiates the sample, 
then detects the electrons expelled from the sample’s 
atoms. 


From the results of experiments Suzuki found that the 
resolution is high. His next goals are to improve the 
quality of the beam, the pulsing efficiency, and so forth, 
and develop a practical device. 


Material Manufacturing at Low Temperatures 


In addition, Naoto Kobayashi, a chief researcher at the 
Electrotechnical Laboratory, succeeded in growing a 
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silicon-germanium-carbon crystal on silicon and used 
ion beams throughout the entire process. Silicon- 
germanium-carbon is gaining attention as a semicon- 
ductor material for use in high-speed devices and opto- 
electronics. The carbon atoms cancel the lattice 
irregularities between the silicon and the silicon- 
germanium, which plays a role in making material design 
easier. The simplest way to introduce carbon is ioniza- 
tion followed by heat processing, but there was a 
problem with that method in that the silicon-carbon 
separates out. 


Kobayashi’s method, which combines ion injection and 
ion-beam-induced crystallization, brought about epi- 
taxial crystal growth. The greatest feature of the method 
is that the prcoessing can be done at a low temperature. 
The method is seen as effective in cases where the atomic 
distribution and thin-film structure deviate in crystalli- 
zation processes based on heat processing. Future issues 
are to investigate the electrical and optical characteris- 
tics of the trial-produced material, and to pursue practi- 
cality. 


High Resolution with Soft X-Rays 


On the other hand, Akio Nishijima, head of the Surface 
Analysis Lab at the National Institute of Materials and 
Chemical Research, and Professor Kenjiro Tanaka’s 
group from the National Laboratory for High-Energy 
Physics succeeded in producing sharp soft X-rays from 
synchrotron orbital radiation (SOR). 


The completed soft-X-ray beam line has an undulator 
that makes electrons move in a zig-zag pattern to achieve 
about a hundred-fold increase in the intensity of the X 
rays. The researchers also made the SOR monochro- 
matic by means of a high-resolution spectroscope made 
with a cylindrical diffraction grating. That helped realize 
a high-resolution beam line with maximum-level inten- 
sity in the 150-eV to 1-kEV energy range. 


When soft X rays are combined with an X-ray absorp- 
tion spectrum analyzer, light elements such as carbon 
and oxygen can be analyzed at the atomic level. The 
combination is most suitable for analyzing the surfaces 
of new materials and new substances. When the 
researchers investigated the electron structure of a het- 
ero-diamond, they were able to discern how individual 
atoms were configured. 


NEDO’s New Hydrogen Energy Facilities Open 
to Universities 


94FE0435a Tokyo NIHON KEIZAI SHIMBUN 
in Japanese 24 Feb 94 p 4 


[Text] 
Room Cold Verification Facility in Sapporo is Opened 
to Universities and Businesses 


The New Energy and Industrial Technology Develop- 
ment Organization (NEDO) opened up the new 
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hydrogen energy verification laboratory at the Cold 
Fusion Verification Facility in Sapporo to related 
researchers on February 23rd. The New Hydrogen 
Energy Symposium °94 will begin from the 24th. How- 
ever, data verifying that cold fusion occurs has not yet 
been obtained at this point. 


Six reactor devices developed by Drs. Fleishman and 
Pons, who are the leaders in cold fusion, and six reaction 
cells developed by Imura Japan (Sapporo City) have 
been set up in this facility, and have been conducting 
verification experiments from January 17th. 


Approximately 100 people from businesses and univer- 
sities are participating in the conference to inaugurate 
the facility, and they are asking such questions as “How 
much heat will be produced?”’. 


Because the experiments for each cell require two 
months or more, it is anticipated that “the results will 
come out sometime mid-year” (Masahito Asami, Man- 
ager of the Verification Lab Project). However, there has 
been no remarkable reaction in which the electrolyte 
quickly bubbled, and the temperature increase of the 
electrolyte is within the range that can be explained by 
the electric energy input. 


Cold fusion is a phenomenon in which hydrogen atoms 
and deuterium atoms undergo nuclear fusion in an 
electrolyte, a large quantity of heat energy is released, 
and helium atoms are produced. If it is in fact true, it is 
expected to be able to provide a solution to the energy 
problem. 


In this regard, there is great skepticism in Europe and the 
United States because the experiments of Drs. 
Fleishman and Pons, who first reported this phenom- 
enon, have had poor reproducibility. The Agency of 
Natural Resources and Energy, MITI guaranteed a 
budget of ¥ 190 million this fiscal year and ¥ 500 million 
next fiscal year in order to settle these kinds of doubts, 
and has it commissioned NEDO to conduct the verifi- 
cation testing. 


Tohoku University’s Progress with New Hydrogen 
Energy Research 


94FE0435b Tokyo NIKKEI SANGYO SHIMBUN 
in Japanese 28 Feb 94 p 17 


[Text] 


Three Nuclei involved in Nuclear Fusion Reaction; 
Tohoku University’s Experiments Provide a Background 
to “Cold Fusion” 


Professor Jirota Kasagi of the Nuclear Physics Research 
Facility, Tohoku University has obtained experimental 
data indicating that three low energy nuclei undergo a 
nuclear fusion reaction all at once. In conventional 
nuclear physics theory, it is not possible for three low 
energy nuclei to undergo nuclear fusion, but if this 
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current analysis is correct, it would be a new structure for 
nuclear reactions. It could be said that these are results 
which provide the logic for cold fusion which is the 
fusion of low energy hydrogen nuclei in an electrode. 


In the experiments, deuterium occluded titanium alloy 
was irradiated by accelerated deuterium nuclei having 
twice the mass of hydrogen, and the kind and the amount 
of particle energy released at that time were measured. 


When the deuterium energy was 150 thousand electron 
volts, 17.7 million electron volts of protons and 6.5 
million electron volts of alpha rays (helium 4 nuclei) 
were produced from the titanium alloy. These high 
energy particles could not have been produced from just 
two deuterium particles reacting. 


Next, hypothesizing that the alpha rays, protons and 
neutrons came from the reaction of three deuterium 
particles in two stages or simultaneously, the anticipated 
results and the measured results agreed. According to 
Professor Kasagi, the probability that three ultra- 
microparticles gather in one spot and react is nearly 
unthinkable, and he cannot assert that the reaction 
actually occurred. However, it is a fact that the measured 
results cannot be explained by a nuclear reaction other 
than the hypothesized reaction. 


The idea that three low energy deuterium atoms undergo 
a nuclear fusion reaction supports the phenomenon of 
cold fusion, the truth or falsity of which continues to be 
debated. These experiments bring out the same aca- 
demic theory from the field of nuclear physics, and some 
cold fusion researchers are saying, “Doesn't this provide 
a theoretical backdrop for cold fusion?” 


NEDO’s Funding for New Hydrogen Energy 
Research 


94FE0435c Tokyo NIHON KEIZAI SHIMBUN 
in Japanese | Dec 93 p 11 


[Text] 


“Cold Fusion” Verification, Project Start up - NEDO, 
Three Billion Yen Invested 


[Text] On the 30th, the New Energy and Industrial 
Technology Development Organization (NEDO) 
announced that it would start a research development 
project to confirm whether or not “cold fusion”, the 
truth of which is being actively debated, actually occurs. 
Approximately ¥ 3 billion will be invested by the end of 
the 1996 fiscal year, and they would like to verify cold 
fusion and develop related materials. 


Cold fusion is a phenomenon in which a nuclear reaction 
occurs by hydrogen ions aggregating on a palladium 
electrode and energy (excess heat) being released. In the 
project, this will be taken as “new hydrogen energy”, and 
systems that can be made into future energy sources will 
be sought. 
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The Institute of Applied Energy was commissioned to do 
the research that will be undertaken in cooperation with 
private enterprises and universities. The project will 
begin on the Ist and the research period is scheduled for 
four years. In addition to establishing measurement 
technology for the excess heat and neutrons which are 
generated in cold fusion, the goal is to develop materials 
in which the reaction can occur with satisfactory repeat- 
ability. Research expenditures will be supplemented 
from MITI. 


If cold fusion actually exists, it would be an epic making 
phenomenon that could resolve the energy problem, but 
repeatability has been extremely poor, and opinions that 
deny its existence are dominant in the academic worlds 
of Europe and the United States. The NEDO project 
aims at resolving the debate as to whether or not it 
actually exists. 


Update on MITI’s Funding of New Hydrogen 
Energy Research 


94FE0435d Tokyo ASAHI SHIMBUN in Japanese 
I Jan 94 p 9 


[Text] 
Two MITI Take Shape: Verifying Cold Fusion 
and Spreading Generated Electricity 


In new energy developments this year, two projects are 
taking shape: one that will verify cold fusion, and the 
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other that will promote the spread of solar generated 
electricity based on international cooperation. 


Two British and American teams separately 
announced cold fusion in 1$89. When running electric 
current in electrodes placed in deuterium, deuterium 
aggregated on a palladium cathode, and a nuclear 
fusion reaction occurred. This was a phenomenon that 
challenged the widely held opinion that “thermal 
nuclear fusion” required super high temperatures and 
high pressures. 


There is currently a fierce debate as to whether or not 
cold fusion actually occurs, and in order to resolve this 
question, MITI has created a new word, “new 
hydrogen energy” that avoids use of the term “cold 
fusion”. One research report after the next has claimed 
the generation of large amounts of heat that cannot be 
explained by conventional theory, and this name 
change can be seen as the christening of an unknown 
reaction. 


In the fall of last year, MITI started a plan that will 
spread ¥ 3 billion over four years to verify this phe- 
nomenon. The Institute of Applied Energy, a non- 
profit corporation of participating organizations, will 
provide the research facilities in Sapporo, equipment 
built by Drs. Fleishman and Pons will be incorporated, 
and the actual experiments will be taken up from this 
year. 
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MITI To Reinforce Popularization of Natural Gas 
Vehicles by Subsidizing Conversion Expenses 
94FE0875A Tokyo DENKI SHIMBUN in Japanese 

19 Aug 94 p 3 


[Text] MITI’s policy has been to give priority to mea- 
sures for introducing new energies starting in 1995, and, 
as a part of that, the agency decided to strengthen 
measures for promoting the introduction of natural gas 
vehicles. MITI will radically expand the system of sub- 
sidies for the costs of converting from regular vehicles to 
natural gas vehicles, which was instituted this fiscal year, 
and the number of vehicles eligible for the subsidies will 
significantly increase—from 40 vehicles to 300 vehicles. 
As for subsidies for the introduction of filling facilities, 
another 100 small filling facilities will be subsidized. In 
the Oil and Energy Supply and Demand Structural 
Improvement Account of the Oil-Coal Industry Special 
Account, the current ¥ 500 million to cover the expenses 
for those measures will be raised to ¥ 1.3 billion in the 
budget request for next fiscal year. 


The measures to popularize natural gas vehicles that 
were started this fiscal year provide subsidies to owners 
(including leasing companies) for the introduction of 
natural gas vehicles, and subsidies for the introduction of 
rapid filling facilities for the owners’ own use. Both kinds 
of subsidies will be made through the Japan Gas Asso- 
ciation. Natural gas vehicles are used as small vans and 
route buses, and there are now 40 such vehicles. The 
biggest problem is bringing down the cost of a natural gas 
vehicle, which is two to three times that of a regular 
vehicle, and government aid measures were started this 
fiscal year. 


The effort to subsidize owners for the introduction of 
natural gas vehicles provides one-half of the expenses for 
conversion from a regular kind of vehicle. In the first 
year about 40 vehicles were subsidized, but MITI 
intends to expand that to 300 vehicles next fiscal year. 
On the other hand, subsidizing the introduction of filling 
facilities is carried out at a fixed subsidy percentage 
equivalent to two-thirds of the cost of setting up such a 
facility. In the first year, four large-scale rapid filling 
facilities for owners’ use were subsidized, but that type is 
to increase to ten filling facilities, and as many as 100 
small-scale filling facilities will be added to the list 
eligible for subsidies. 


There are also measures to popularize clean-energy vehi- 
cles. The “Eco Station 2000 Project” offers subsidies to 
gasoline stations providing electric-charging stands, 
CNG stands, and methanol stands for the stations’ 
equipment and facilities and operational expenses. Next 
fiscal year, the third year of the project, there will be 
three more fuel-supply stations for clean-energy vehicles 
than this fiscal year for a total of 29. The budget request 
will be for ¥ 1.3 billion, up ¥ 100 million from the year 
before. In addition, MITI plans to invest ¥ 100 million 
to begin the development of technology for hybrid elec- 
tric automobiles. 
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ANRE To Begin 5-Year Project to Promote 
High-Efficiency Combustion Technologies 


94FE0875B Tokyo DENKI SHIMBUN in Japanese 
18 Aug 94 pl 


[Text] In a five-year project starting in FY95, MITI’s 
Agency of Natural Resources and Energy (ANRE) will 
set up a base for building a “coal-using-equipment design 
simulation system,” the goal of which is to put into 
practical use high-efficiency combustion technologies 
such as pressurized fluid-bed coal-fired (PFBC) power 
generation and compound coal gasification cycle (IGCC) 
power generation. Acting through the New Energy and 
Industrial Technology Development Organization 
(NEDO), ANRE will conduct basic research to analyze 
the mechanisms of coal combustion and thermal decom- 
position, and then will go on to elucidate the various 
reaction processes and ash adhesion and other such 
processes. ANRE will request ¥ 340 million for FY95 
from the Oil and Energy Supply and Demand Structural 
Improvement Account of the Oil-Coal Industry Special 
Account. 


First, ANRE will begin research on methods of analyzing 
and evaluating basic coal-utilization data. In order to 
acquire the properties data and reaction data needed for 
the development of various types of coal-utilizing tech- 
nology, ANRE will establish advanced and systematic 
methods of acquiring basic data that will make the most 
use of high-precision analysis techniques. The goals are 
high-precision analyses of coal properties based on mac- 
eral analyses and analyses of the forms of sulfur and 
nitrogen compounds, and the acquisition of basic data 
with the emphasis on coal-utilizing processes. 


Then, ANRE will use high-precision simulation tech- 
nology to analyze the various reaction processes 
involved in combustion, gasification, decomposition, 
etc., and ash adhesion and other such processes for the 
purposes of facilitating the construction of high- 
efficiency coal-utilizing systems that use the basic data 
and for facilitating the development of coal-utilizing 
technology. ANRE will then develop methods to aid the 
development of advanced, systematic systems. 


During FY95, ANRE will select the properties data and 
reaction data needed for the development of coal- 
utilizing technology and the methods of acquiring that 
data. The agency will also conduct research studies on 
the types of simulation needed for the construction of 
high-efficiency coal-utilizing systems. 


After FY95, the agency will ascertain the consistency of 
operational simulations with test equipment and the 
consistency of the project, then hopes to go on to 
construct models. 


According to the interim report issued this June by the 
Coal Subcommittee of the Advisory Committee for 
Energy, coal utilization in which environmental consid- 
erations are taken into account should be a priority 
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policy from now on, and, the development of revolu- 
tionary clean coal technology, such as high-efficiency 
combustion technology, is needed in order to use coal 
efficiently and cleanly. 


Because of that the promotion of basic research to 
elucidate the mechanisms of coal combustion and 
decomposition has become an issue. 


ANRE To Start 7-Year Research on 
Instrumentation, High-Frequency Current 
Generation Suppression Technologies 
94FE0875C Tokyo DENKI SHIMBUN in Japanese 
12 Aug 94p 1 


[Text] In a seven-year project from FY1995 through 
FY2001, MITI’s Agency of Natural Resources and 
Energy (ANRE) will embark upon measures to suppress 
the generation of high-frequency currents. Through the 
NEC Product Testing Institute, ANRE will conduct 
research to get a handle on the current state of high- 
frequency generation and to make future predictions, 
and research on instrumentation technology and tech- 
nology for suppressing the generation of high-frequency 
currents. For the first year of the project, ANRE will 
request ¥ 150 million from the Electric Power Resources 
Diversification Account of the Special Account for Pro- 
motion of Electric Power Resources Development. 
Because products that apply semiconductors have 
become widespread, the high-frequency currents gener- 
ated from consumer electronics in recent years inflict 
damage upon electric power facilities, and that has 
become a social problem. ANRE formulated suppression 
» °* Jines that pertain to consumer electronics, office- 
nation equipment, and the high-frequency-current 
rating equipment used by specific-demand con- 
ets who receive electrical power at special voltage 
-vels or at high-voltage levels. ANRE plans to circulate 
the guidelines to concerned groups by as early as this 
month. Another purpose of the recent effort to start 
measures to establish instrumentation technology is to 
follow-up and check on customers’ observance of the 
guidelines. 


When the current from a consumer-electronic product or 
office-automation equipment that is connected to an 
alternating-current commercial power source is con- 
verted to direct current by means of equipment that 
applies semiconductors, the use of that electronic 
product or office-automation equipment gives rise to 
high-frequency waves that disrupt the waveform of the 
alternating-current commercial power source. Due to 
those effects, circuitry for improving the power factor is 
not used, and problems that can lead to fires have 
become realities in recent years in cities. In Tokyo alone, 
for example, there have been about 100 accident reports. 


Although immediate counter-measures are desirable, the 
extent over which such measures apply is very broad— 
from normal-demand customers to manufacturers—and 
the cost of such measures is high. ANRE has judged that, 
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in parallel with its formulation of guidelines on the 
suppression of high-frequency currents, getting a grasp of 
the current state of the problem and making reliable 
predictions of high-frequency current generation are 
needed. In the past, there was not enough information 
about the amount of high-frequency current generated. 


In FY95 ANRE will conduct research to understand the 
current state of and predict future high-frequency gener- 
ation, as well as research on instrumentation technology 
and other supplementary technology for that. Further- 
more, the agency’s idea is to evaluate active filters and 
other such technologies for suppressing the generation of 
high-frequency currents. In the long-term seven-year 
project, ANRE will begin research studies. 


The guidelines that will soon be compiled officially are 
for two types of electric power users: those who use 
consumer electronics or office-automation equipment, 
and special-demand customers. As for use consumer 
electronics and office-automation equipment, the guide- 
lines apply to 300-V or less and 20-A or less electrical 
and electronic equipment that 1s connected to a commer- 
cial power system; there are four classes of equipment, 
and for each class the guidelines establish regulation 
values, ¢.g., suppressing the present level of high- 
frequency current generation by 25%. As for special- 
demand customers, the guidelines set regulation values 
for the voltages received by customers using equipment 
that generates high-frequency currents and for the 
power-receiving points of each contract demand; the 
guidelines call for about a 50% suppression of the current 
level of high-frequency generation. 


MITI To Develop High-Efficiency Alcohol 
Synthetic Method 


94FE0875D Tokyo KAGAKU KOGYO SHIMBUN 
in Japanese 19 Jul 94 p 1 


[Text] MITI wil begin the development of a high- 
efficiency method of synthesizing alcohol. The Alcohol 
Association, which is commissioned with the develop- 
ment, decided to subcontract the work to the Kansai 
New Technology Research Institute, a subsidiary of 
Osaka Gas, and Mitsubishi Petrochemical Co., and 
intends to sign contracts with the two sometime this 
month. The goals are to develop a catalyst that can 
convert raw materials to alcohol at higher rates than the 
phosphate catalysts now used, and to make practical a 
high-efficiency alcohol synthesis method. The five-year 
project will start this fiscal year. 


Direct hydration is now used for synthesizing ethyl 
alcohol. The method involves adding pure water to 
ethylene, the raw material, and then converting that to 
alcohol with a phosphate catalyst. Because the phosphate 
catalyst’s conversion rate is 7-8%, the process of reacting 
the unreacted ethylene is repeated many times. A goal of 
the new project is to develop a new catalyst that will 
lessen the number of repeated reactions. Another goal ts 
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to eliminate the phosphate catalyst’s waste liquid and 
thereby reduce the amount of time and labor used in 
processing the waste liquid. 


Two candidates for the new catalyst are considered: a 
niobium catalyst, which is a solid, strong-acid catalyst 
that highly activates ethylene hydration, and a multi- 
element metal catalyst. It looks as if Mitsubishi Chem- 
ical Industries, which is subcontracted by the Alcohol 
Association, will be in charge of the niobium catalyst, 
and the Kansai New Technology Research Institute will 
be in charge of the multi-element metal catalyst. If a new 
catalyst is developoed, a new produ-tion process unlike 
that currently used will be considered, and the Kansai 
New Technology Research Institute will develop that 
process. The result of such research will be lower-cost 
alcohol production. At the same time, it may also enable 
energy conservation. 


In MITI's alcohol technology development efforts that 
are aimed at reducing production costs, new uses for 
alcohol that lead to expanding the demand for alcohol, 
and new alcohol production technology will be devel- 
oped. 


MOE Announces Recipients of FY94 Scientific 
Research Grants, FY95 Priority Research Themes 
94FEO87SE Tokyo NIKKAN KOGYO SHIMBUN 

in Japanese 3 Aug 94 p 6 


[Text] The Ministry of Education (MOE) decided the 
recipients of FY 94 grants for specially promoted scien- 
tific research and the FY95 priority research themes. 
Specially promoted scientific research is research that 
has gained high regard internationally; in particular, 
MOE gives priority to supporting that which requires 
large sums of money for research expenses. Including 
¥ 982 million in grants for ten new research themes, this 
fiscal year MOE will deliver ¥ 2.297 billion for 39 
research themes. As for priority research, 23 new themes 
were selected for FY95; applications from researchers 
will be accepted in the first third of December. The new 
recipients of grants and funding for specially promoted 
scientific research, and the representatives of priority 
research, along with their affiliations and themes are 
given below (titles omitted). 


Specially Promoted Scientific Research 


K. Moriyama (University of Tokyo, Literature Depart- 
ment, professor) Nationwide research study of the social 
classes in modern Japan: A research study of the char- 
acteristics of the structure of Japanese society based on 
the class phenomenon. 


A. Inoue (Tohoku University, Metals and Materials 
Laboratory, professor) The production of new metal- 
based glass and new developments toward industrial 
materials that utilize those properties: The production of 
high-strength, high-corrosion-resistance metallic glass 
and the exploration of its properties. 
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M. Tanaka (Tohoku University, Scientific Measure- 
ments Laboratory, professor) The development of 
methods of analyzing nanometer-domain fine structures, 
and basic applications: Analysis of nano-scale fine struc- 
tures using a converging-electron analysis method. 


Y. Miaki (Tsukuba University, Physics Department, 
assistant professor) Basic research on quark-gluon 
plasmas by means of systematic measurements of had- 
rons: Searching for quark-gluon plasmas with new prop- 
erties by means of experiments using a collision-type 
accelerator. 


N. Fukuda (Tokyo Institute of Technology, Engineering 
Department, professor) Using molecular motion theory 
to study the mechanisms of antiferroelectricity manifes- 
tation in liquid crystals: Spectroscopic elucidation of the 
intermolecular forces involved in the mechanisms of 
antiferroelectricity manifestation in liquid crystals. 


A. Ichihara (Hokkaido University, Agriculture Depart- 
ment, professor) The chemistry of plant toxins and new 
growth: The promotion of growth with plant toxins and 
searching for the pharmacological effects on animals. 


A. Nakamura (Institute for Molecular Science, Okazaki 
National Research Institutes, professor) The construc- 
tion of organo-metallic conjugated systems and further 
development toward materials: The precise synthesis of 
organo-metallic conjugated systems, the structures of 
new synthetic materials, and systematic research on their 
properties. 

E. Kogawa (Osaka University, Physics Department, pro- 
fessor) Research on a eucaryote genetic recombination 
system: Elucidating the control, devices, and mecha- 
nisms in eucaryote genetic recombination. 


T. Kuroiwa (University of Tokyo Graduate School, 
Physics Research, professor) Research on the molecular 
structures in cytoplasmic inheritance: Exploring the 
mechanisms of inheritance in chloroplasts and muito- 
chondria, the energy-converting organs in cells. 


M. Sekiguchi (Kyushu University, Institute for Research 
in Biodefensive Medicine. professor) The causes of nat- 
ural mutations, and the mechanisms that control those: 
Elucidating the factors that give rise to natural muta- 
tions, and the mechanisms that control those. 


Priority Research Themes 


S. Minagawa (Hokkaido University, Slav Research 
Center, professor) Changes in Slavic Eurasia—the con- 
ditions of self-existence and co-existence: Research on 
the cultural and historical importance of changes im 
Slavic Eurasia 


A. Oyokawa (Tsukuba University, Humanities Depart- 
ment, professor) Civilized society and the promotion of 
civilization science research by means of computer- 
computer support: Introduction of new methods and 
research views toward civilization scrence research. 
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T. Yonezawa (Keio University, Physics and Engineering 
Department, professor) Cooperative phenomena in com- 
plex liquids—a systematic approach, from microscopic 
to mesoscopic: Establishing a route to biological research 
by elucidating the properties of complex liquids. 


H. Fukuyama (University of Tokyo Graduate School, 
Physics Department, professor) Anomolous metal 
phases near the Mott transition: The search for ano- 
molous metal phases, from high-temperature supercon- 
ductivity to new spin and charge combination proper- 
ties. 


M. Kumazawa (Nagoya University, Physics Depart- 
ment, professor) Deciphering the history of the earth: 
Elucidating normalities and large-scale changes in the 
global environment by analyses of continuous strata. 


H. Iwahara (Nagoya University, Engineering Depart- 
ment, professor) The dynamics of high-speed ions in 
solids, and expansion of that into ionics: Aiming at the 
creation and utilization of high-ion-conductivity solids. 


K. Kaya (Keio University, Physics and Engineering 
Department, professor) Chemistry of small-number, 
many-bodied systems: The elucidation of new properties 
by fluctuations and chaos research, and the creation of 
new materials. 


S. Kajiyama (Kyushu University, Engineering Depart- 
ment, professor) The design and creation of molecular 
super-structures: The construction of molecular super- 
structures based on spatial distribution control, and the 
discovery of new, unknown functions. 


I. Misono (University of Tokyo, Engineering Depart- 
ment, professor) Special reaction site catalyst chemis- 
try—extreme-environment catalysts: Uncovering new 
properties and building new concepts for the design of 
next-generation catalysts. 


S. Kitamura (Kobe University, Engineering Depart- 
ment, professor) Theory of systems of emergent function 
formation: Elucidating evolution and adaptation of arti- 
ficial life, and the creation of life-like artificial objects 
with emergent characteristics. 


M. Iguchi (University of Tokyo, Engineering Depart- 
ment, professor) Basic research on the artificial sense of 
reality: Research on intelligent and emotional interac- 
tions between humans and computer-generated virtual 
spaces. 


H. Inoue (University of Tokyo, Engineering Depart- 
ment, professor) Research on the mechanisms of mani- 
festation of mechanical intelligence resulting from the 
integration of senses and movement: Comprehensive 
research on the intelligence and autonomy of advanced 
machinery such as intelligent robots. 


K. Miyata (Tokyo University of Agriculture and Tech- 
nology, Engineering Department, professor) Wavelength 
manipulation by means of organic nonlinear optical 
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materials: The development of light-manipulating 
devices that fully utilize the features of organic mate- 
rials. 


F. Iki (University of Tokyo, Cosmic Ray Laboratory, 
assistant professor) The physics of super-high-energy 
celestial bodies: The search for astronomical phenomena 
by means of high-energy gamma-ray obsesrvations. 


T. Omi (Tohoku University, Engineering Department, 
professor) Extremely integrated intelligent silicon elec- 
tronics: The realization of an information-processing 
computer, based on new silicon hardware technology, 
with flexibility close to that of humans. 


Y. Okada (Institute for Physiological Science, Okazaki 
National Research Institutes; professor) Interrelations of 
channel and transporter functions: Elucidating the 
molecular mechanisms of cell membrane transport by 
research on channel and transporter interrelations. 


M. Nagai (University of Tokyo, Medical Research Insti- 
tute, professor) Basic research on AIDS conditions and 
control: Formulating accurate, solid paradigms in con- 
nection with the control of AIDS infection and illnesses. 


T. Kiyomizu (University of Tokyo, Medical Depart- 
ment, professor) Molecular mechanisms of neural plas- 
ticity: Research on memory and learning mechanisms by 
elucidating the molecular mechanisms of synaptic plas- 
ticity. 


T. Tsumoto (Osaka University, Medical Department, 
professor) Function development in neural circuits: The 
principles of construction of neural circuits using new 
technology, and elucidating the mechanisms of function 
development. 


N. Go (Kyoto University Graduate School, Physics 
Research Department, professor) Principles of construc- 
tion of three-dimensional protein structures: Exploring 
the principles of construction of three-dimensional pro- 
tein structures from the perspectives of evolution and 
physical chemistry. 


Y. Hinata (Tohoku University, Agriculture Department, 
professor) Significance of genetic anatomy in the sexual 
differentiation and pollination processes of higher 
plants: Exploring plants’ sexual differentiation and com- 
munication during pollination. 


S. Mizuno (Tohoku University, Agriculture Department, 
professor) Functional structures and molecular struc- 
tures in cell nuclei, and communication between atoms: 
Elucidating chromosomal arrangements that support the 
biological functions of cell nuclei, structures within the 
nucleus, and high-molecular transport outside of the 
nucleus. 


M. Yamamoto (University of Tokyo Graduate School, 
Physics Research Department, professor) The molecular 
mechanisms of germ cell formation and shifts to meiosis: 
Understanding germ cell behavior at the molecular level. 
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MITI To Develop Supermolecular System 
Materials in FY95 


94FE0875F Tokyo KAGAKU KOGYO NIPPO 
in Japanese 27 Jul 94 pl 


[Text] MITI decided to begin research next fiscal year on 
supermolecular system materials, which are materials 
that artificially realize the mechanisms of biofunction 
manifestation. The goal is to develop organic, inorganic, 
and metallic hybrid materials in microscopic domains by 
utilizing the cooperative action by which molecules 
naturally bond. Applications of such materials in syn- 
thetic enzymes, organic photoelectric conductors, and 
high-speed devices are expected. MITI will promote the 
research as a new theme in FY95 pioneering research 
and would like to see projects evolve from the research 
by as early as FY97. 


Research on the development of materials that mimic 
the higher functions of living organisms has continued, 
but that research has yet to show satisfactory results. In 
recent years, however, with advances being made in the 
science of supermolecular materials, expectations are 
increasing. Biomimetic materials up until now have only 
been achieved at macro levels, but there is the possibility 
of being able to create composite materials at the micro 
level by utilizing the cooperative action between mole- 
cules. In addition, the cooperative action between mol- 
ecules can be utilized to make molecules bond sponta- 
neously, with little energy, and that is expected to 
become an energy-conserving way to produce materials. 


The research will center on molecular design, technology 
for converting designs into materials, and technology for 
evaluating the materials. MITI researchers will develop 
molecular design technology for strongly correlated 
chemical compounds and molecular complexes, which 
form the component units of supermolecular systems, 
and will create composite materials such as self- 
organizing films and hybrid crystals. The evaluation 
technology will involve two points: scanning-probe 
microscopes, with which researchers can explore a mate- 
rial’s surface and the bonding states of its molecules, and 
the functionality of a material, e.g., molecular perme- 
ability and photoelectric conductivity. 


To give the research more weight, MITI is also consid- 
ering research on superporous materials. Because of the 
deep connection between a catalyst’s functions and the 
microscopic holes in molecules, MITI’s goal is to bring 
out expected functions by altering those holes. 
Researchers will investigate reactions at the microscopic 
level and develop catalysts and other such substances 
that have new functions. 


The material functions expected from supermolecular 
materials are highly selective recognition, high-efficiency 
energy and matter conversion, and high-speed energy 
transfer. Such materials may lead to developments in 
chemical sensors, high-speed devices, and artificial pho- 
tosynthesis. MITI will include the the research in its 
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estimated budget request as a FY95 pioneering research 
theme in the AIST’s Industrial Science and Technology 
R&D System. 


AIST To Develop Earthquake Prediction 
Technology with Private Sector 


94FE0875G Tokyo NIKKEI SANGYO SHIMBUN 
in Japanese 6 Jul 94 p 5 


[Text] This summer MITI’s Agency of Industrial Science 
and Technology (AIST) will begin R&D projects as a part 
of the “Joint Government-Private Research” that is 
based on the exchange of researchers between national 
research organizations and private firms. The projects 
will involve four themes, one of which is the develop- 
ment of earthquake prediction technology that utilizes 
electromagnetic phenomena in rocks. Focusing on 
research themes that are not likely to be tackled by 
companies on their own, the projects are aimed at the 
efficient promotion of research by exchanging 
researchers between government research organization 
and universities and loaning the facilities and equipment 
of national laboratories to private firms free of charge. A 
total of about ¥ 1 billion will be invested for the four 
research themes, and the projects will last from three to 
five years. 


The four new research themes are: 1) predicting earth- 
quakes just before they happen by means of damage- 
inducing current measurements; 2) elucidating the 
behavior of natural gas hydrate, and applications in 
resource development; 3) gas concentration by means of 
metal complexes; and 4) multifunctional nanoprobing 
technology. 


The first theme, technology for predicting earthquakes 
just before they happen, focuses on the phenomenon in 
which very weak electrical currents arise in rocks in the 
earth immediately before the rocks are damaged by 
compression. The project will involve developing tech- 
nology for high-precision measurements of that sort of 
electrical current and the electromagnetic phenomena 
associated with it, and exploring the possibilities of 
applications in earthquake prediction. The AIST 
Mechanical Engineering Laboratory will play a central 
role in the project, and four private companies including 
NTT and Hitachi will also participate. 


The goals of the project to elucidate the behavior of 
natural gas hydrate are to investigate the chemical com- 
position of the hydrate (gas hardened into a sherbet-like 
form) ore deposits that were discovered in the Sea of 
Okhotsk and offshore from Shikoku, and the formation 
and decomposition conditions; to assess whether or not 
the hydrate is promising as a natural gas resource; and to 
develop technology needed for exploiting natural gas 
hydrate. The AIST’s Geological Survey of Japan, Tokyo 
Gas, and Osaka Gas have decided to participate in the 
project. 


As for gas concentration by means of metal complexes, 
in view of the phenomenon whereby molecules of gases 
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such as oxygen and nitrogen are caught by metal com- 
plexes, the goal of the project is the development of 
technology for efficiently separating and concentrating 
gases such as oxygen. The technology is expected to 
become an alternative to the conventional method that 
uses thin films. In addition to the National Institute of 
Materials and Chemical Research, two private compa- 
nies, Nippon Sanso and Taiyo Sanso, plan to participate 
in the project. 


Multifunctional nanoprobing technology is technology 
that will be used in the ultrafine processing of next- 
generation semiconductor elements. The use of a very 
fine probe whose tip has a radius of 5 nanometers will 
enable simultaneous measurements of the electrical 
characteristics and deformations of ultrafine semicon- 
ductor structures. AIST’s Electrotechnical Laboratory 
will play a central role in the project, and Seiko Elec- 
tronics and two other private companies plan to partic- 
ipate. 


MITI To Establish Technology Research 
Association with Companies, Academia to 
Promote Energy-Efficient Housing Development 


94FE0875H Tokyo NIKKAN KOGYO SHIMBUN 
in Japanese 4 Aug 94 p I 


[Text] In October MITI will establish a technology 
research association with companies and academia for 
the purpose of promoting the “New Lifestyle Values 
Housing Development Project,” which is aimed at devel- 
oping housing that will create new lifestyle values for the 
21st century. MITI plans to invest six to seven billion 
yen in the seven-year project that will run from FY 1994 
to FY2000. The agency has been involved in the “2 !st 
Century Housing Development Project (WISH21)” 
since FY92, and will combine that with this new project 
that is aimed at “providing low-cost housing in which 
people can live comfortably and for a long time.” 
Through those efforts MITI will deal with environmental 
problems, the aging of Japanese society, and the change 
to an information society. 


MITi’s “New Lifestyle Values Housing Development 
Project” is based on the plan of the Subcommittee on 
Technology Development within the Industrial Struc- 
ture Council’s Committee on Housing and Urban 
Industry. The plan has three basic targets: increasing the 
value of housing and creating new value in housing, 
accommodating new lifestyles, and harmony with the 
global environment. About 30 companies from con- 
cerned industries will participate in the project, and a 
technology research association involving the govern- 
ment, industry, and academia will be established. 


The association will carry out R&D with four objectives: 
1) reducing the cost of housing, 2) reducing the life cycle 
cost (LCC), 3) significantly improving comfort, and 4) 
lowering energy costs. Concrete themes in reducing the 
cost of housing include improving performance and 
building low-cost high-quality homes, and realizing 
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price-led housing design systems. In reducing LCC, some 
of the themes are developing relevant software and 
indicators, formulating rules and systemizating reform 
and renewal technologies, improving the durability of 
facilities and equipment, and realizing maintenance 
technology and deterioration-diagnosis and prediction 
technology. 


Concrete themes in the area of improving comfort 
include developing housing-comfort indicators, 
improving reform, establishing technologies that give 
consideration to health and the environment, and the 
fusion of design and technology. Some themes in the area 
of lowering energy costs are promoting low-cost, energy- 
conserving equipment, utilizing new energies and ener- 
gies that have not been used, applying cogeneration (heat 
and electricity supply) systems, and developing optimal 
control systems. In the seven-year schedule for the R&D 
of those numerous technologies, feasibility studies will 
be conducted this fiscal year, the subsystems will be 
developed in FY 1995-97, the total systems will be devel- 
oped in FY 1998-99, and the systems will be comprehen- 
sively evaluated in FY 2000. 


MITI To Provide Unsecured Credit Insurance for 
R&D in Small-to-Medium-Sized Companies 


94FE0868A Tokyo NIKKAN KOGYO SHIMBUN 
in Japanese 16 Aug 94 p I 


[Text] MITI will support technology development in 
small-to-medium-sized companies and the new estab- 
lishment of such firms from the two aspects of providing 
funds and expanding enterprises. Toward that end, the 
agency has begun preparations to enact the “Law for the 
Promotion of Small-to-Medium-Sized Companies’ 
Technology Development and Commercialization” 
(provisional name, abbreviated to ‘“Small-to-Medium 
Technology Commercialization Law’’). The new law and 
related government policies will establish a new system 
for unsecured suretyship and reserves for investment 
losses, and will accelerate the provision of risk money. 
Along with that, MITI will set out to furnish an environ- 
ment for establising new enterprises and expanding 
existing enterprises. In addition, MITI will significantly 
increase existing technology improvement subsidies. 
Because all of those measures will go into effect in FY95, 
MITI wants to introduce the new legislation in the next 
ordinary Diet session. 


The new law that MITI is preparing will be a law to 
succeed the “Law on Provisional Measures for Pro- 
moting Technology Development in Small- 
to-Medium-Sized Companies” (‘‘Small-to-Medium 
Technology Law”), which will remain effective until July 
1995. However, in contrast to the current technology 
law, which is primarily aimed at technology develop- 
ment, the new law will focus on individual small- 
to-medium-sized companies and will provide broad sup- 
port that includes funding and expanding enterprises. 
For the small-to-medium-sized companies that are in 
distress because of restructuring, MITI aims to point oul 
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new directions based on technology development and 
the initiation of new enterprises. 


That which MITI is studying as the most interesting 
support measure is the establishment of unsecured credit 
insurance several tens of millions of yen in scale. Unse- 
cured credit insurance, which now is only approved for 
special petty insurance with an upper limit of five 
million yen, will apply to companies whose projects 
receive approval in accordance with the new law. As for 
venture capital and other such financing that is invested 
again in companies whose projects are approved by the 
new law, MITI’s policy will be to approve measures 
similar to those adopted since FY94 for three invest- 
ment-fostered companies in Tokyo, Osaka and Nagoya 
whereby the three companies can accumulate tax-free 
reserves for investment losses. With these measures, 
MITI hopes to facilitate the provision of risk money. 


In addition, as a substitute for new equipment subsidies, 
the existing subsides for technology improvements will 
be expanded from the ¥ 1.7 billion in FY94 to several 
hundreds of million yen [as published], and will be given 
preferentially to companies whose projects are approved 
according to the new law. Furthermore, the following 
will also apply to projects that are approved: financing at 
low-interest rates in line with the lending rates of gov- 
ernment-related financial organizations, special tax 
treatment in connection with test research, extensions of 
the period over which a loss can be deferred, exceptions 
to the upper limit on financing for investment-fostered 
companies, etc. MITI direction is to construct a back-up 
system for small-to-medium-sized companies: the 
agency is also working out new policies for gearing up the 
environment for commercialization and th. _ stablish- 
ment of new enterprises. These new policies will go into 
effect starting in FY95. MITI is preparing for the intro- 
duction of the bill before the next ordinary Diet session 
and will incorporate the necessary budget measures in its 
estimated FY95 budget request at the end of August. 


MITI To Develop Ethanol NOx Removal System 


94FE0868B Tokyo KAGAKU KOGYO SHIMBUN 
in Japanese | Aug 94 p 1 


[Text] MITI solidified its plans to begin next fiscal year 
working on the development of pollutant-reducing tech- 
nology that uses ethanol. The goal is to develop a device 
that eliminates the oxides of nitrogen (NOx) in the 
exhaust gas from stationary cogeneration that uses diesel 
fuel. Combining ethanol with a catalyst is seen as a way 
to remove NOx, so MITI aims to use that method to 
develop a small, efficient device. Now, ammonia is 
mainly used for NOx removal, but one disadvantage is 
that the equipment is large. MITI intends to incorporate 
the money for the development of the ethanol NOx 
removal device in its estimated budget request for FY95 
and to carry out the development in a three-year project. 


The device will use ethanol as a catalytic reducing agent; 
in combination with an alumina catalyst, the device will 
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remove NOx. According to basic data, ethanol is effec- 
tive over a broad range of temperatures, from 300°C to 
500°C, and it can remove NOx efficiently, even when the 
water content is on the order of 10%. Ethanol does not 
react with methanol. 


Ammonia is mainly used in denitration equipment for 
stationary-type diesel cogeneration. The ammonia is 
sprayed onto the exhaust gas to remove the NOx. How- 
ever, there is room for improvement—the equipment is 
large and requires maintenance. Because of the possi- 
bility that a small, efficient denitration device can be 
developed if ethanol is used, MITI decided to begin the 
development of such a device. 


The development of the technology will involve gath- 
ering quantitative data on NOx removal, designing the 
system, verifying its durability, and so forth, and then 
finally making conclusions about the possibility of prac- 
tical applications of the device and its economic via- 
bility. Because ethanol is combustible and corrodes some 
materials, the system design will be critical. 


Due to increasingly stricter NOx regulations because of 
environmental pollution, there is a need for the devel- 
opment of efficient denitration equipment for cogener- 
ation that uses diesel. MITI will begin the development 
of such technology to cope with that sort of need, but 
another goal is to expand the demand for ethanol. A 
rough calculation shows that there would be a 13,000- 
kiloliter/year demand for ethanol if all ethanol-type 
denitration equipment were used for diesel cogenera- 
tion. 


NEDO To Aid Japanese Companies to Develop 
Technology for Handicapped 


94FE0868C Tokyo NIHON KOGYO SHIMBUN 
in Japanese 8 Aug 94 p 13 


[Text] The New Energy and Industrial Technology 
Development Organization (NEDO) decided which 
companies would be the recipients of FY94 grants for 
developing useful aids for handicapped people. For the 
purpose of promoting the development of highly prac- 
tical aids for the handicapped, the grants are based on 
NEDO’s enterprise entitled “Grants to Cover Expenses 
for the Development of Practical Aids for the Handi- 
capped,” which started in FY93. This fiscal year, six 
themes were selected from the 54 applications sub- 
mitted. The percentage of the grant funding is up to 
two-thirds of the development expenses. The funds will 
be granted over a one- to three-year period. 


The following companies were chosen as recipients (the 
aids for the handicapped to be developed are noted 
within parentheses): Anzen Fukushi Gyutsu Kaihatsu (a 
movable chair for in-home nursing care and bathing), 
Sunny Ceiling (a guidance support system for the visu- 
ally impaired), Japan Wheelchair and Matsushita Elec- 
tric (a wheelchair with a motorized power-assist func- 
tion), Japan E.M. and NEC (a flexible personal computer 
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input emulator for people who cannot use their arms), 
Namuko (training equipment for improving bodily func- 
tion), and Micro C.A.D. (a musical notation system for 
the visually impaired). 


STA To Start Computational Science Project in 
FY95 


94FE0868D Tokyo NIKKAN KOGYO SHIMBUN 
in Japanese 13 Aug 94 p 1 


[Text] The Science and Technology Agency (STA) wil 
start a “computational science project” in FY95 that will 
make the best use of supercomputers in “solving the 
riddles” of natural phenomena. Several supercomputers 
will be installed in institutions such as the Japan Marine 
Science and Technology Center (JAMSTEC), the 
National Research Institute for Metals (NRIM), and the 
Japan Atomic Energy Research Institute (JAERI), where 
researchers will tackle software development and the 
research of super-parallel-processing technology. Europe 
and the U.S. are ahead of Japan in computational 
science research. But, given the significant contributions 
that such research has made in fields such as aerospace, 
medicine, and nuclear fusion, the STA will urge its 
affiliated research organizations to mobilize researchers 
for work in computational science. 


The organizations that will participate in the project 
include JAERI, the Power Reactor and Nuclear Fuel 
Development Corporation (PNC), the Disaster Preven- 
tion Science and Technology Research Institute, the 
Institute of Physical and Chemical Research (RIKEN), 
JAMSTEC, NRIM, and the Nationaal Aerospace Labo- 
ratory (NAL). 


Said to be the “third science and technology,” computa- 
tional science is already used in the field of aerospace 
engineering for research on numerical fluid mechanics 
and numerical wind tunnels, and in environmental sim- 
ulation and research on climatic fluctuations. 


Also, progress is being made in research that uses com- 
putational science to solve the riddles of complex phe- 
nomena that cannot be elucidated theoretically or exper- 
imentally. Some examples of such research are 
elucidating the mechanisms of high-temperature super- 
conductivity, [predicting] the behavior of plasma within 
a nuclear-fusion reactor, solving the riddle of the birth of 
the universe, the development of the Japanese version of 
the Space Shuttle (HOPE), and understanding cancer. 


For the scientific elucidatation of such phenomena, the 
STA hopes to actively utilize supercomputers, and has 
been looking at setting up a computational science and 
technology promotion office that will be the core of the 
agency's promotional efforts. 


The STA also plans to organize a group of experts who 
will provide assistance in computational science. The 
agency will invite Hajime Miyoshi, former head of 
scientific research at NAL. 
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The STA’s idea is to allow computational science to take 
firm root in its affiliated organizations. Later, the agency 
will coordinate those research activities and will share 
with the public, as well as research organizations, the 
software developed under the project. 


MITI, MHW To Promote Recycling Technologies 


94FE0868E Tokyo NIHON KOGYO SHIMBUN 
in Japanese 9 Aug 94 p 1 


[Text] On 9 August it was confirmed that MITI and 
MHW will work together to deal with the problem of 
urban waste from regular households and offices. The 
agencies will utilize waste processing that involves tech- 
nology for processing biodegradable plastics and tech- 
nology for melting down steel, for example, and other 
technologies that are at the demonstration-test stage or 
are the latest industrial technologies. The goals are to 
promote recycling and waste reduction and to deal with 
problems such as the lack of landfill sites. Discussions 
about the tie-up started at the end of July at the admin- 
istrative level; after September, the agencies are expected 
to enter into more serious talks geared toward making 
concrete plans. Thus far the two agencies have worked 
together in the area of industrial waste, but this is the 
first time that they wil! cooperate in the area of urban 
waste. 


The volume of regular waste from households— 
approximately 5! million tons—is about one-eighth the 
volume of industrial waste. However, the percentage of 
regular household waste that 1s recycled 1s only 3.4%, 
whereas 39% of industrial waste is recycled. 


On the other hand, the number of years remaining for 
final processing sites for waste burial continues to 
decline overall, and, in the case of regular household 
waste, dropped to 7.8 years in FY91. In view of the fact 
that ensuring new landfill sites is also difficult, reducing 
the volume of waste and increasing the percentage of 
waste that 1s recycled have become urgent issues in waste 
administration. 


Because of that, MIT] and MHW agree in their ideas 
about building a system of cooperation in the area of 
regular waste. MHW, which oversees waste administra- 
tion, will define the problems involving waste pro- 
cessing, etc., that face the self-governing bodies of cities 
and towns. Earnest discussions will begin between the 
two agencies for the purpose of utilizing the develop- 
ments and technologies in the key materials industry that 
MITI oversees. 


At present, four concrete development themes (which 
are in the demonstration-test stage) have been brought 
up: |) technology for producing eco-cement that uses 
waste-incineration ash and other such waste as the raw 
material for the cement, 2) technology for producing 
films and other such materials from biodegradable plas- 
tics, 3) raw-waste-reducing and composting technology 
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that uses biotechnology, and 4) the application of steel- 
melting technology to waste processing. 


The aim in applying steel-meliing technology to waste 
processing is to use high-temperature processing tech- 
niques to melt waste, then solidify that and re-use it as 
aggregate. The promotion of recycling, including eco- 
cement and composting, will lead to the effective utili- 
zation of resources while at the same time will help 
reduce the volume of waste. 


In May 1992 the Waste Reduction and Re-Utilization 
Committee of the MHW’s Living Environment Council 
proposed a recycling target of 10% for regular waste by 
FY2000. The MHW’s current course is to raise that 
target value. Its tie-up with MITI is expected to become 
an important driving force behind equipping and main- 
taining a waste-recycling infrastructure for society. 


ANRE To Develop Technology to Remove 
Harmful Matter from Hot Spring Water 


94FE0868F Tokyo DENKI SHIMBUN in Japanese 
12 Aug 94 p 3 


[Text] MITI’s Agency of Natural Resources and Energy 
(ANRE) solidified its intentions to begin the develop- 
ment of technology for directly utilizing hot spring 
water, the objective of which is to boost local under- 
standing about the agency’s moves to locate sites for 
geothermal power plants. In order to conduct demon- 
Stration studies on small-scale and large-scale hot- 
spring-water supply systems geared toward the removal 
of arsenic, a harmful component of hot spring water, and 
silica, which adheres to the supply pipes, demonstration 
plants for each type of system will be set up. ANRE plans 
to commission the New Energy Foundation (NEF) with 
the studies, and will request ¥ | billion for the first year 
from the Electric Power Resource Siting Account of the 
Speical Account for Promotion of Power Resources 
Development. 


Because many of Japan’s most promising areas for 
geothermal power generation are on the outskirts of 
existing hot spring areas, gaining the understanding of 
the local people is essential in order to find sites for 
geothermal power plants. Consequently, the ANRE 
judged that directly providing the hot water generated by 
the plants to the local people would help facilitate 
finding sites for the plants. 


In supplying hot spring water in correspondence to 
regional needs, however, arsenic, a harmful component 
of hot spring water, and silica, which impedes the direct 
utilization of hot spring water, must be removed. 
Because of that ANRI decided to begin demonstration 
studies that will be geared toward the establishment of 
technology for resnoving those components of hot spring 
water. 


There will be two studies: one of a large-scale hot- 
spring-water supply system for areas where the volume 
of hot spring water per hour is 100 tons or more, and one 
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of a small-scale hot-spring-water supply system for areas 
where the volume of hot spring water per hour is 10-20 
tons. Demonstration plants for both will be built, and the 
studies will show that the direct utilization of hot spring 
water is possible. The idea is to separately investigate 
high-temperature and low-temperature processing 
methods for small-scale hot-spring-water supply systems. 


In the “Long-Term Energy Supply and Demand Fore- 
casts” of MITI’s Advisory Committee for Energy, the 
target for geothermal power supply in FY2000 is the 
equivalent of | million kiloliters of crude oil (600,000 
kW), and the target in FY2010 is the equivalent of 3.8 
million kiloliters of crude oil (2,800,000 kW). With the 
actual amount of geothermal power used in FY92 at only 
550,000 kiloliters (140,000 kW), promoting the siting of 
geothermal power plants by mutual cooperation with the 
local people has become an issue. 


EA To Establish Committee to Evaluate 
Technology to Prevent Greenhouse Effect 


94FE0868G Tokyo DENKI SHIMBUN in Japanese 
1] Aug 94 pl 


[Text] The Environment Agency (EA) will set up an 
expert committee that will begin serious studies next 
fiscal year for the purposes of grasping the current state 
of technologies that help prevent global warming, and 
exploring the future possibilities for such technologies. 
The committee will also look at domestic and interna- 
tional trends, then, from the viewpoint of the global 
environment, will assess the current state of, possibilities 
for, and future topics about the technologies in the fields 
of consumer goods, industry, transport, and energy. The 
agency wants to complete a multifaceted, comprehensive 
evaluation in about three years. 


At the UN Framework Convention on Climate Change, 
the target of “stabilization of greenhouse-effect gas emis- 
sions to the 1990 level by the year 2000" was imposed 
upon the advanced signatory nations. It 1s expected that 
at the end of this month Japan will compile a report on 
its measures toward achieving that target. 


On the other hand, however, while the essence of the 
accord is the stabilization of concenctrations of green- 
house-effect gases, there is talk of even stricter targets in 
the discussions about the years after 2000. Given the 
severe situation in achieving the current targets, the EA 
committee will try to get a grasp of the possibilities of 
breakthroughs by means of technology development, 
which could be an effective way to solve the problem of 
global warming, and the expenses for those studies will 
be incorporated into the EA’s estimated budget request. 
The EA plans to take a broad look at international trends 
and to make evaluations from the contents of reports 
from other countries. 


The committee will gather data on and hold hearings 
about solar power generation and other such individual 
technologies, low-pollution vehicles, hydrogen energy, 
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liquid crystals, and heat pumps. After evaluating those, 
the committee will conduct studies on system technolo- 
gies such as that for utilizing un-used energies. 


New MITI Committee to Re-examine Intellectual 
Property Policy 


94FE0868H Tokyo NIKKAN KOGYO SHIMBUN 
in Japanese 12 Aug 94 p 1 


[Text] MITI decided a firm course of action to radically 
revamp the current intellectual property system. Because 
of changes in the structure of industry, international 
trends, and so forth, MITI will investigate 


1) setting up and enforcing a legal system for appropriate 
protection, 


2) the treatment of intellectual property rights in stan- 
dardization work, 


3) ensuring incentives for company inventors, 


4) supporting new commercialization that is based on 
the results of development. 


For those studies, MITI set up the “Committee on 
Intellectual Property Policy’ (chaired by Saneakira 
Nakayama, a professor at the University of Tokyo) 
under the jurisdiction of the Intellectual Property 
Research Institute. The committee is to present its 
conclusions in March 1995. 


The Committee on Intellectual Property Policy will 
explore the problems in the current legal system, cen- 
tering on protection and standardization. Some of the 
problems with the current system are who is subject to 
patent protection, the extent of that protection, the 
period of that protection, the rate system, the patent 
attorney system, licensing, and examination and ajudg- 
ment procedures. The committee will study a new 
system for technology development and industrial 
expansion. 


In addition, because the current amount of indemnity 
for a violation of intellectual property rights 1s equiva- 
lent to the amount of royalties, essentially, the violator 
“can get away with it.” Changing to a system that would 
impose penalties on deliberate violators is also an issue. 
For that reason the committee will look into speeding up 
the processing of disputes; regulations on dead copying, 
technology transfer, investments, and licensing 
involving developing countries; strengthening the pro- 
tection of intellectual property in government competi- 
tiveness policies and its relevance to the Antitrust Act; 
and the institution of a new intellectual property rights 
system. 


As for standardization, the committee set up the “Com- 
mittee on Intellectual Property Rights Issues Involving 
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Technology Standards,” which will look at the balance 
between technology monopolization and making tech- 
nology public property by standardizing it. For the 
support of new commercialization that is based on the 
results of development, a new committee called the 
“Intellectual Property Economic Effects Committee” 
will be established and will investigate methods of eval- 
uating assets, financial commodities, and securities. 


STA To Start Joint Research with Private Sector 
on Super-thin Films in FY94 


94FEO868I Tokyo NIKKEI SANGYO SHIMBUN 
in Japanese 9 Aug 94 p 4 


[Text] A three-year joint project entitled “Research 
Relating to the Development of Technology for the 
Design of Super-thin Film Materials” will begin this 
fiscal year. The government and the private sector will 
work together to develop technology for designing and 
producing super-thin films that can be applied as mate- 
rials for solar cell panels, among other uses. The goals are 
to create new semiconductor materials using thin films 
in which the molecules are aligned in the same direction, 
to research technology for creating functionally gradient 
materials from organic substances, and to raise the level 
of materials technology. The Science and Technology 
Agency's National Research Institute for Metals, the 
University of Tokyo, and Japan Aviation Electronics 
Industry, Ltd., will be some of the participants in the 
research that will begin this fall. 


The project is divided into four research areas: 1) mesos- 
copic super-thin films, 2) molecular super-thin films, 3) 
reactive super-thin films, and 4) fullerene super-thin 
films. A government-private research system has been 
created for each of the four areas. 


The goal of the research on mesoscopic super-thin films 
is to create 10- to 100-nanometer-thick films cheaply. 
For example, instead of the conventional method of 
making thin films for solar cell panels by vapor- 
depositing a silicon material, a “capillary method” of 
forming thin films will be studied. That method utilizes 
the capillary phenomenon while tiny crevices are made 
and then a solution of the material is sucked up into the 
spaces to form a thin film. 


The research on molecular thin films will involve the 
study of technology for controlling the direction in which 
organic crystals grow. Controlling the direction of the 
molecules will strengthen the optical and electrical char- 
acteristics of organic substances, and applications of 
molecular thin films in new semiconductor devices are 
possible. 


The goals of the research on reactive super-thin films are 
to grow thin films by means of polymerization brought 
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about by irradiating an organic substance with an exci- 
tation beam, and to produce functionally gradient mate- 
rials in which there are local differences in properties. 
The goals of the research on fullerene super-thin films 
are to pile up layers of C60, which is a form of carbon 
that is bonded into a soccer ball shape, to form a film, 
and to put metals into the fullerene to alter the properties 
of the film. 


In addition to the STA National Research Institute for 
Metals, the University of Tokyo, and Japan Aviation 
Electronics Industry, Ltd., other participants in the 
project include the Agency of Industrial Science and 
Technology's National Institute of Materials and Chem- 
ical Research, the Institute of Physical and Chemical 
Research, Tsukuba University, and Stanley Electric Co. 


MITI To -_- Next-Generation Unmanned 
Space Experiments in FY95 


94FE0868J Tokyo NIHON KEIZAI SHIMBUN 
in Japanese 4 Aug 94 p 5 


[Text] In FY95 MITI will begin a project (tentatively) 
entitled “‘Unmanned Space Experiments System,” the 
total expense of which will be about half that of similar 
projects in the past. A laboratory wrapped up in a 
heat-resistant capsule will be launched by a rocket, the 
target date of which is in the year 2000, then after space 
experiments are carried out in the laboratory, the labo- 
ratory will be recovered on earth. MITI is looking at 
joint development of the laboratory with Germany, and 
will request about ¥ 500 million as commercialization 
survey expenses in its budget estimate for FY95. 


In FY86 MITI began the “Free Flyer Project,” in which 
an unmanned space laboratory is to be launched—by as 
early as next February—and then recovered by the Space 
Shuttle. The total expense for the new space experiments 
system that is to be started in FY95 will be less than ¥ 20 
billion, or half that of the Free Flyer. 


After completion of the experiments the laboratory will 
drop down to earth and be recovered, without incurring 
any charges for use of the Space Shuttle. In addition, the 
laboratory will weigh about one ton, or about one-fourth 
the weight of the Free Flyer, so launching the laboratory 
will cost less. 


One of the space experiments to be carried out in the 
laboratory that is to be launched by a rocket and recov- 
ered on earth will be the “Express Project,” which MITI 
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has been wrestling with since FY85. Because the exper- 
iment uses a battery power souce, the experimental 
period in outer space is limited to about five days. 


In the new project, however, a long-term experiment 
lasting for about six months can be carried out because 
solar cells will be used for power. In the laboratory that 
will be launched, experiments for industrial technology 
development will be performed, e.g., superconductivity 
and biotechnology experiments. Because the laboratory 
will be wrapped up inside a heat-resistant capsule, it can 
be re-used. 


FY93 JDA Procurement Contracts 


94P60211A Tokyo NIKKEI SANGYO SHIMBUN 
in Japanese 10 Apr 94 p 8 


[Text] The Japan Defense Agency announced the FY93 
procurement of its Central Procurement Office. Procure- 
ment contracts amounted to ¥ 1.3721 trillion, | percent 
less than FY92, including Ground, Marine, and Air 
Self-Defense Forces and the Technical Research and 
Development Institute (TRDI). Among the top 10 
largest contractors, Mitsubishi Heavy Industries, Ltd. 
and Kawasaki Heavy Industries, Ltd. maintained their 
respective No. | and No. 2 rankings from the previous 
year. Ishikawajima-Harima Heavy Industries, Ltd. came 
back to No. 3, replacing Mitsubishi Electric Corporation 
which was No. 3 in FY92. Itochu Corporation, which 
handles import of airborne warning and control systems 
(AWACS) became No. 5. 


Contracts for the top ranking MHI totaled ¥ 265.1 
billion, over twice as much as that of KHI. But this figure 
was more than a ¥ 70 billion decrease over the previous 
year. This resulted from a decline in the number of F15 
fighters procured via MHI under license and no orders 
for ships. KHI obtained ¥ 126.1 billion, an increase of 
about ¥ 13 billion over the previous year. 


IHI, FY92’s No. 4 contractor, achieved a 30 percent 
increase over their FY92 performance by obtaining 
contracts for AEGIS escort ship No. 4 totaling ¥ 94.1 
billion. Itochu Corporation wasn’t even in the top 20 
during FY92. But they rose to No. 5 by obtaining a 
¥ 53.1 billion contract to import two AWACS aircraft. 


Sumitomo Heavy Industries, Ltd. and Hitachi Zosen 
Corporation which were placed No. 7 and 8 respectively 
in FY 92 dropped out of the top 10 in FY93. Nissan 
Motor Co., Ltd. which was No. 11 in FY92 made No. 10 
in FY93 by winning contracts for a new multiple 
launcher rocket system. 
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FY93 Top 10 Contractors Registered in JDA’s Central Procurement Office (in billion yen) 



































Ranking Companies FY93 FY92 

1 Mitsubishi Heavy Industries, Ltd. 265.1 339.3 (1) 
2 Kawasaki Heavy Industries, Lid. 126.1 113.4 (2) 
3 Ishikawajima-Harima Heavy Industries, Ltd. 94.1 72.6 (4) 
4 Mitsubishi Electric Corporation 91.6 108.9 (3) 
5 Itochu Corporation 53.1 A (-) 
6 NEC Corporation 43.5 52.3 (5) 
7 Toshiba Corporation 39.4 41.1 (6) 
8 Mitsui Engineering * Shipbuilding Co., Ltd. 34.2 30.0 (9) 
9 Fuji Heavy Industries, Ltd. 30.8 29.10) 
10 Nissan Motor Co., Lid. 28.8 28.1(11) 
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Cableless LAN Nishi-Nippon’s system is not the sole example. The 


94FE0469A Tokyo NIKKEI COMPUTERS in Japanese 
7 Mar 94 pp 73-80 


[Text] 


e The application of wireless local area networks is 
expanding. The objective in offices is to connect 
personal computers without using cables, thus pro- 
viding a degree of freedom in floor layout. 

¢ Despite favorable users’ evaluations, innovations to 
facilitate use and the desire for lower prices and 
smaller sizes are emerging. 

e The transmission medium is radio or infrared. When 
introducing wireless LAN, the amount of data han- 
died, the simplicity of setting up and moving, the 
costs, and the ease of shifting from a cable environ- 
ment must be considered. 


Keiichi Yasunaga, researcher in the International Divi- 
sion of Nishi-Nippon Bank, noted that a number of 
terminals, starting with news terminals, are used in the 
market bond division in dealing. Accordingly, numerous 
cables are laid out on the floor. The desire is not to 
increase cables even when new terminals are set up. 


Moreover, cable work for setting up terminals is trying. 
If there were no cables, this construction would not be a 
problem. Also, removing cables by mistake could be 
avoided. 


Nishi-Nippon Bank installed a wireless local-area net- 
work (LAN) in the international system that began 
operation in February. This information system has a 
host computer in Fukuoka that is accessed from Tokyo 
and Fukuoka. The wireless system was implemented 
using WaveLAN, a product of NCR Japan, as the 
backbone LAN between buildings and terminals. 


application of products and wireless LAN able to con- 
figure networks without using LAN cables is just begin- 
ning in offices and factories. 


As many as ten systems of products for cable-to-cable 
connections through transceivers and communication 
devices of LAN boards equipped with wireless functions 
installed in personal computers have emerged (see Table 
4). 

Replacing cables with wireless systems is not new. The 
products that have been appeared since last spring fea- 
ture the ability to be used in LAN configurations and 
indoors. Presently, wireless refers to radio in the 2.4- 
GHz band or 19-GHz band, and infrared. 


Wireless tools are here today, the future holds 
mobility 


The two prospects for wireless LAN are wireless systems 
that eliminate the cables between equipment and mobile 
computing (mobility) in which the network is accessed 
while on the move. Current products can be used in 
wireless applications and are used in users’ applications. 


The future holds the development of wireless LAN 
products to achieve mobile computing. If computers are 
carried around, small sizes and light weights are 
demanded. Many notebook computers, pen computers, 
or portable information devices suited to this applica- 
tion have PCMCIA slots to comply with the standard 
established by the Personal Computer Memory Card 
International Association in the United States. However, 
few PCMCIA-compatible wireless products exist today. 
Since many corporations have unveiled product plans, 
more growth is indicated within the year. 


No need for cables and wires 


Can be used where wiring is impossible 


What are the objectives and effects of not using cables? 
Let’s summarize users’ opinions (see Table 1). 





Table 1. Major Reasons Users Introduced Wireless LAN, Innovations and Requests during the Introduction 




















Product Used Reason for Introduction Innovations and Requests 

NTT Altair] Floor layout changes by moving. Takes time to set up because of 
Desire for access to LAN from directionality. Electromagnetic 
conference rooms that are diffi- cables are not needed. Also, 
cult to hardwire. smaller sizes and lower prices 

desired. 

Oki Software SpaceLAN Interested in wireless technology Lower prices desired 
and will study it as an SI tool. 

Simplicity valued. 

Kawasaki Steel Systems R&D Co. | Altair] Introduced into company offices Advantageous to use in a confer- 
to study the possibilities for a ence room not having a set 
wireless factory (Kawasaki Steel layout. The conclusion is to 
Manufacturing) and, as an SI design for wireless only where 
vendor, for product research. needed. 

Shimano AltairJ Decision to use in a network con- The use environment approxi- 
figuration in a factory where the mated secure transmission dis- 


tances, but tests were not possible 
until a license was granted. Con- 
sequently, there was anxiety 
about whether it could be used 


top part is a crane and a lift 
moves around the floor. 
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Table 1. Major Reasons Users Introduced Wireless LAN, Innovations and Requests during the Introduction (Continued) 









































Product Used Reason for Introduction Innovations and Requests 

Jasco Altair] The Sendai office is a leased Smaller, lower-priced equipment 
building and a local move is pos- is desired. 
sible. Therefore, wiring was 
judged to be a problem since the 
floor is frequently rearranged. 

Compatibility with Ethernet is 
valued. 

Sumida Ward Office Altair) Introduced because setting up ter- | Equipment for the backbone LAN 
minals in the reception area . was set up on the first floor, and 
ventilated area) in a government personal computer equipment 
office became necessary, but was set up on the second floor. 
wiring was difficult. The aim was | Since there is directionality, the 
to verify the validity in environ- equipment ts reversed. 
menis like 2n office where there 
iS MOViNg. 

Chiba Convention Bureau Altair] Intended to eliminate wiring on Since equipment has direction- 
office floors. Although there was ality and communication over 
room to wire beneath the floors, several meters was not possible, 
there were wires for telephones the installation locations were 
and disaster prevention and no changed. Smaller equipment is 
desire to wire under the floors. desired. 

Toshiba Plant Construction FiRLAN Although conventional NTT-dedi- | Since infrared has strong direc- 
cated circuits were used as the tionality, adjusting the angles of 
networks to link buildings, the the equipment was a nuisance. 
plan was to avoid the Desire for innovations to case 
complicated application proce- installation. 
dures and lower costs. 

Nishi-Nippon Bank WaveLAN There is no desire to increase There was concern about infor- 
cables on the floor. Avoid the mation leaks, but the encryption 
problem of bringing the system technology was reliable. Since 
down to pull cable, as well as the wireless LAN produced anoma- 
trouble of moving desks for hes, only one personal computer 
wiring. remained connected by cables. 

The Japan Research Institute, SpaceLAN Eliminated the problem of wiring Poor compatibility with TCP/IP 

Lid. when rearranging desks. Product software used in a cable environ- 
selected because of the applica- ment and wireless LAN boards. A 
bility of a wireless system to portion of the functions could not 
small areas and its simplicity. be used. 

Mikuni Coca Cola Bottling WaveLAN There was interest in new prod- Would like to confirm the com- 
ucts. Searching for possible usc as | patibility with products from 
the terminals businessmen will NCR Japan and NEC. 
have in the future. 

Ministry of Posts and Telecom- Altair], WaveLAN, Network being built inside gov- Nothing in particular during the 

munications ASTROWINK ernment offices under the supple- | current introduction. 
mentary budget. Since it is crucial 
to complete construction within 
one fiscal year, wireless LAN was 
selected because of the simplicity 
of its installation. Also, layout 
changes can be handled. 





LAN: local-area network; SI: system integration; TCP/IP: transmission control protocol/internet protocol 





The major reasons for introducing wireless LAN can be 
classified into two groups. One is to avoid the inconve- 
nience of the restrictions of cables and wiring work, and 
to design in cost decreases. The other reason is the desire 
to build networks in environments where wiring is 
difficult. 


The inconvenience of cables and the complexity of 
installation are understood immediately when moving 
personal computers and desks is contemplated. When 
using personal computers in a conference room or rear- 
ranging desks due to organizational changes is desired, 


pulling cables at one’s own expense is formidable. 
Relying on office workers to do the work is also presents 
problems. If the system were wireless, simply moving the 
computers would suffice. Most of the users are intro- 
ducing wireless systems in anticipation of these benefits. 


Notwithstanding the inconvenience of cables, the effect 
on the floor environment in an office will change. Free 
access floors (floors with space underneath) are the 
preferred location for cables. Replacing the connection 
cables from the terminals to personal computers is an 
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improvement. However, conversion is difficult with 
users who will lay cable on the floors but do no wiring. 


Jasco introduced a wireless system to make it possible to 
move the office itself and not simply rearrange the office. 
It is a user of Altair) that uses the 19-GHz band and is 
manufactured by Motorola Japan, Tokyo (Isamu Hisa- 
dome, president). Terminals on the floor of the Sendai 
office and the backbone LAN are connected without 
using wires. In addition, others raised the problem of the 
inability to wire as desired when moving into leased 
buildings. 


In contrast, examples of the difficulty in laying cable are 
Shimano, an automobile parts manufacturer, and the 
Sumida Ward Office. There were few users when wire- 
less LAN was introduced to the factory at Shimano. The 
casting furnace was controlled by a nearby personal 
computer. The newly introduced wireless LAN allowed 
the furnace to be controlled from a personal computer in 
an office in a corner of the factory. Even when pulling 
cables, there is a crane on the roof and a lift moves 
around the floor. Also, machine oil permeates ducts 
under the floor. 


The government office building for the Sumida Ward 
Office is a modern building constructed in 1990. Recep- 
tion desks are located on the first and second floors. 
Terminals in an internal information system for the 
building were tested there. However, there are places 
where wiring was not possible. Moreover, laying cables 
on stone floors detracted from the esthetics. 


Innovations in wireless LAN 


A common evaluation of users is “if it is wireless, we can 
use it.” At the same time, the majority of users have 
requirements for the products and design in innovations 
during installation. 


When appraising wireless LAN, the important consider- 
ations are: (1) can it be used in any environment, (2) are 
there any licensing applications and other difficulties 
characteristic of wireless LAN, and (3) is it expensive. 
Let's look at these points while focusing on the views of 
users. 


The enemies of wireless communication are obstructions 
and noise. The partitions that break up an office, lockers, 
and walls are all obstructions. 


The Chiba Convention Bureau, Chiba City (Takeshi 
Numata, president) connected distances by radio in 
offices 5 to 10 meters long and in places where the 
partitions did not reach the ceiling. However, in the first 
installation locations, an attempt was made to conceal 
the equipment, but people interrupted the paths and 
communication was not possible. This phenomenon was 
eliminated by changing the installation locations of the 
equipment (at about the same distance). This occurred 
because the equipment is directional. 
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The Sumida Ward Office had to place main equipment 
having the connection functions and the backbone LAN 
on the first floor and auxiliary equipment on the second 
floor. Kimiyoshi Yamamoto, director of General Infor- 
mation Systems, stated that when the equipment was 
reversed, communication proceeded smoothly. 


The Japan Research Institute, Ltd. in Tokyo (Kuniaki 
Hanamura, president) is using SpaceLAN, a distributed 
infrared product, from Commtron in Tokyo (Yukihiro 
Tsutsumi, president). The light receiver is placed on the 
display and a desktop fluorescent lamp is used simulta- 
neously for local illumination. With this fluorescent 
lamp placed close by during trials, communication was 
interrupted for distances around 50 cm or less. However, 
there was no recollection of communication interrup- 
tions having this cause. 


Concern about the sizes of radio cables and 
equipment 


Now, let's look at problems characteristic to wireless 
LAN. The main problem in AltairJ, that uses 19-GHz 
radio, is the large size of the equipment. With dimen- 
sions of 20 cm x 30 cm, it is placed under the telephone 
on a narrow desk. Also, Yasuharu Okumoto, manager of 
LAN technology at the NTT Network General Tech- 
nology Center asks whether the cables for radio cannot 
be eliminated since it 1s the same as the wiring needed in 
configurations using radio. Others have pointed out the 
complexity of the licensing application procedure (only 
required for 19-GHz products). 


In products connecting two points by infrared, the equip- 
ment’s positions and angles must be adjusted. Toshiba 
Plant Construction Co. uses FiRLAN from Huecom in 
Tokyo (Hideaki Sato, president) to link buildings. 
Takashi Noguchi, manager of Systems Operation Man- 
agement Department in the Information Systems Divi- 
sion, observes that the task of setting up equipment 
cabinets while aligning the positions and angles is not 
something users can easily perform. 


Will 20 to 30 thousand yen products appear? 


Future pricing trends and costs comparisons with cables 
are examined. 


The cost includes an equipment component and an 
installation work component. Vendors stress that the 
equipment is expensive, but in the end construction 
costs become economical in wireless LAN. To respond to 
conflicting views that arise as construction proceeds, 
radio becomes advantageous. In preliminary calcula- 
tions by Nishi-Nippon Bank, no major difference 
appears in the initial investment (see Table 2). At Jasco, 
an Altair) user, wireless increased the estimate by 30%. 
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Table 2. Initial Costs of Wireless LAN and Cabled LAN 
Audited by Nishi-Nippon Bank. In both cases, the cost of 
wireless LAN was 100. 











Construction Total 

Costs Costs 
Wireless LAN 100 100 100 
Cabled LAN 69 249 ay 














LAN: local-area network 


The call from users for cheaper prices has become 
stronger. When wireless LAN equipment is considered 
instead of cabled LAN adapters, the comparison target is 
not the total cost, but becomes the price of the wireless 
LAN adapter itself. 


If an LAN adapter costs 20 to 30 thousand yen, many 
vendors could experience a sharp increase in users. 
Manufacturers of 2.4-GHz equipment may enter price 
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competition in the future. From the user’s perspective, 
nothing is better than low prices. However, whether 
prices will fall depends on how the manufacturers assess 
market scale. 


Te CORREENED CN ane Hin Stes aoe Ge 
eys 


Viewpoints at the time of product selection are outlined. 


First, we will look at the differences in the transmission 
media of radio and infrared (see Table 3). Their abilities 
to transmit and surmount obstructions differ. 2.4-GHz 
radio is the best, followed by 19-GHz radio, then 
infrared light. Infrared equipment is used when the 
line-of-sight is normally unobstructed. However, if the 
rays arrive by reflecting off of walls or ceilings in a 
distributed system, not having a direct line-of-sight is 
acceptable. 





Table 3. Main Features of Wireless LAN Products for Different Transmission Media 





Advantages 


Disadvantages 





Radio (19-GHz band) 


This ts high speed. When many products are 
connected, it is easy to configure an LAN ata 


License application procedure required. 








low cost. 
Radio (2.4-Ghz band) Exceptional ability to transmit around Transmission speed slower than 19-GHz band 
obstructions. products. (Currently, maximum speed ts about 
2 to 3 Mbps) 
infrared Thas ts high speed. (The distributed model is Line-of-sight required between equipment. 





somewhat slower) Not susceptible to radio 


(Destnbuted mode! does not always require a 
direct line of sight.) Some difficulties exist in 
installing the direct line-of-sight model 








LAN: local-area network, Mbps: megabits/second 





The effect of noise also differs. In the 2.4-GHz band, 
microwave ovens become noise. In the 19-GHz band, 
radio like satellite communication becomes noise. For 
infrared, sunlight and fluorescent light become noise. 


Legally speaking, 19-GHz products require a radio sta- 
tion license. This is required at each location where the 
equipment is used and when the equipment ts expanded. 
Although an agent acts as a proxy, the application 
procedure uses three application forms. In addition, 
supplementary material like directory copies, installa- 
tion location maps are required. In one region, acquiring 
the license is very difficult. The time required from 
applying for to receiving the license differs with the 
region and can take as long as one month. 


In reality, 2.4-GHz products have a maximum transmis- 
sion speed between 2 to 3 Mbps (megabits/second). This 
is because the bandwidth of frequencies that can be used 
1S set. 


Cable or slot interfaces 


Products can be classified based on the interface used. 
One product type has a dedicated LAN adapter. This is 
call the slot interface model (having the LAN adapters in 
Table 4). The other product type is connected through an 
LAN cable, an example is Ethernet. This is the cable 
interface model. 
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Product Altair) RANGELANS | CAC-NET Radio | SS Wireless = | WAVE LINK Netwave 
(planned market 8100 | Modem JX-10 | (planned market (planned market 
introduction in | introduction afier | imtroduction after 
June) | March) March) 
i. = 
Marketing Com- Motorola Japan ASCII-Mitsui NEC Clarion | Shumada Rika Swire Transtec 
pany (The agents are Bussan Semicon- _ Kogyo 
CSK, Sumitomo ductor 
Denk: Kogyo. 
Fuyi-Xerox_) 
Development Motorola (US.) Proxium (US) NEC Clarion | Shimada Rika Zircom (U.S.) 
Company Kogyo 
4 
Media Used Radio (19 GHz) Radio (2.4 GHz) Radio (2.4 GHz) Radio (24GHr) | Radio (2.4 GHz) Radio (2.4 GHz) 
Transmission 15 Mbps (5.7 1 6 Mbps 2 Mbps (1.0-1.4 32 Kbps | 2 Mbps (1 Mbps) 
aa Mbps) | | Mbps) | a 
Transmission 40 m (between | 100-150 m | 65 m (open), 25 | 100 m (im con- 25 m (im a room) 50 m (open) 
Distance transceiver and | | m (semt-open). struction room of 
wireless hub) | 15m (closed), 10 | steel factory) 
| | i m (concrete wall) | | 
+ = + 
Configurauion } Transceiver | LAN adapter | LAN adapter and | Transcerver LAN adapter and | LAN adapter 
Devices (bridge function). with transceiver | transceiver with (modem func- transcerver with transcerver 
wireless hub function | transcerver furnc- tron) function, access 
(bridge function) | tron (bridge func- point device 
| | trom), access (repeater 
poimt device function) | 
| (bridge | 
_ | | function) | | 
Zz a —_— ——————————— 
Connection func- Has wireless hub | Not specified | Has access port ——- Hass transceiver | None ~ | Has access port 
tion to cables i | iT 1 | 
Number of users | 8 if One perLAN | I Ty 
per transceiver adapter and four | 
| | Der transcerver L L | 
Interface 10 BASE 2/5/-T | ISA bus, LAN adapter isa | RS-232 _ ISA bus | LAN adapter is 
| with wireless hub | PCMCIA 2.0 POS terminal slot | PCMCIA 20 
| and transceiver for the 98 bus or | (DOS/V machine 
office server | or PC-9800) 
Transcerver 1s 10 | Access port is 
BASE /-T | 10 BASE 2/S/-T 
ACCess pornt ts | 
, 
| | | 10 BASE 2/S/-T L L L 
External Dimen- | 2024292476 | Not specified Antenna of LAN 210% 14850 7$x250n 165 | LAN adapter 
sions (width x (both transceiver | adapter 1s | (card) ss 
length x height) | and wireless hub) | 100% 100% 15 | 10245445. Access 
(mm) Transcerver 1s | pownt is 
$$n2 Wx 1 80 | 2022502129 
| | Access port ts | 
| | | 2002 395250 | 
Price Transceiver costs | Not set LAN adapter ¥ 288,000 Not set | LAN adapter 
¥ 295.000. Wire- starts at | costs less than 
less hub 1s ¥ 190.000 Trans | ¥ 100,000. Access 
| ¥ 995.000 | cerver costs | pornt less than 
| ¥ 250,000. Access ' ¥ 300,000 
| point costs | 
| ¥ 450,000 
4 + >—$__—__—_—_——__ --_4+-—_-——_——- - -+—— — - —— —— — = 
Comments The wireless hub Office servers Primary OEM | Studies on com- | Parallel board 
can contro! $0 | and X termunals products. Plan to patibility with products under 
| users | loaded with wire- | market 256 Kbps | EISA. MCA and | development 
less functions will version mm April NuBus 
| | | also be marketed | L 
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Product WaveLAN JRL-100 ASTROWINK | SpaceLAN InfraLAN | INFRALINK FiRLAN 
(planned 818 
market intro- 
duction after 
March) 
Marketing NCR Japan Japan Radio NTT Data Commtron Technoquest Nikko and Co. Huecom 
Company and Electric Communica- 
Manufacture tions, Japan 
Co. Victor 
Development AT&T Global Japan Radio NTT Data Photonics InfraLAN InfraTech AT Shindola 
Company Information and Eleciric Communica- (U.S), Com- Technology (Germany) Communica- 
Solutions (U.S) Manufacture tions, Japan mtron (U.S.) tions (France) 
Co. Victor 
Media Used Radio (2.4 Radio (2.4 Infrared (dis- Infrared (dis- Infrared Infrared (dis- Infrared 
GHZ) GHz) tributed tributed tributed 
model) model) model) 
Transmission 2 Mbps (1.0- 256 Kbps 125 Kbps | Mbps/230 10/4/16 Mbps 5.2/40 Kbps 10/4 Mbps 
Speed 1.4 Mbps) Mbps 
Transmission 120-180 m 20 m (office Maximum of 10m 30 m 6-70 m 30 m-250 m 
Distance (open), 30-60 environment 30 m when depending on 
m (semi-open), with optical the model 
15-30 m partitions) repeater is Cable interface 
(closed), used (typical models still 
within 10 m office environ- employ cables 
(concrete wall) ment) between the 
personal com- 
puters and the 
equipment. 
Configuration LAN adapter Transceiver Optical trans- Optical trans- Optical trans- Optical trans- Optical trans- 


























Devices with (bridge func- ceiver and ceiver and mitter and ceiver ceiver or hub 
transceiver tion) LAN adapter, LAN adapter, transceiver, or device with 
function, optical hub or optical optical trans- multiple 
access point (bridge func- transceiver (for | mitter and optical trans- 
device (bridge tion), ongical Macintosh), MAU with ceivers 
function) repeater access point transceiver 

device (bpidge function 
function) 

Connection Has access Has Has optical Has access Has None 2 Has 

function to point transceiver hub point transceiver or transceiver 

cables MAU 

Number of | Unlimited 1 | Unlimited 1 Unlimited 

users per 

transceiver 

a nein laconineenineiesien 

Interface ISA bus or 10 BASE 2/-T 10 BASE 5/-T ISA bus, 10 BASE 5/-T, RS-232C, Cen- 10 BASE 2/5, 
MCA bus. with both PCMCIA 2.0 token ring tronics 10 BASE-T ¢, 
Access point ts optical trans- (for PC AT token ring 
10 BASE 2/ ceiver and compatibles), 

5/-T optical hub 98 bus, 
Local Talk 
Access points 
are 10 BASE 
2/5/-T and 
LocalTalk. 

External Antenna in 62x147x140 Optical trans- Optical trans- Optical trans- 140x200x40 Transceiver is 

Dimensions LAN adapter ceiver is ceiver is mitter is 230x 190x110. 

(width x length is 100x100x15. 110x110x52. 60x 70x15. 100x89x70 Hub model is 

x height) (mm) Access point 1s Optica! hub Access point is Ethernet trans- 5 30x 300x230 
200x395x 50. has 355x385x115 ceiver 1s 

120x 100x200 or 60x90x 20 
light receiver 67.7x82x41.3 Token ring 
and (for Macin- MAU is 
350x240x50 tosh) 379x186x76 
controller. 

Optical 

repeater is 








120x 100x200. 
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Price LAN adapter ¥ 280,000 Transceiver ¥ 88,000- Costs About ¥ 498 000- 
costs ) Access (planned) costs ¥ 158,000. ¥ 180,000 for ¥ 80,000 1,380,000 (dif- 
point costs ¥ 123,000. Access point Ethernet. fers with trans- 
¥ 450,000. Hub costs costs From mission 

¥ 333,000. ¥ 298,000 or ¥ 320,000 for distance) 
Receiver costs ¥ 98,000. token ring. 
¥ 110,000. 

Comments Functions Plan to market Plan to market Plan to market | Plan to market Market 16 
loaded with 2 Mbps prod- 10 Mbps prod- PCMCIA (for products that Mbps version 
wireless func- ucts in August ucts within the 98) and par- are not direc- of token ring 
tions also mar- | or September. year. allel board tional in June after this 
keted. Plan to products. or July. summer 
market 
PCMCIA 
products 
within the 
year. 

alicatmmaenes A ee 


























through this personal computer 











LAN: local-area network; GHz: gigahertz; Mbps: megabits/second; Kbps: kilobits/second; POS: point-of-sale, MAU: media access unit; ISA bus: PC 
AT bus; MCA: bus used in IBM personal computers; PCMCIA: Personal Computer Memory Card International Association, mm: millimeter; 
OEM: original equipment manufacture; EISA: 32-bit expanded AT bus; NuBus: 32-bit bus in some Macintosh products 





Slot interface models usually excel in mobility and are 
directed towards users who do not want cables at all. 


Since cable interface models can often connect many 
personal computers, the cost per personal computer for 
going wireless can decrease. In addition, current prod- 
ucts having a transmission speed at Ethernet’s level are 
cable interface models. 


Slot interface models have particular problems with the 
transfer time from cables. First, there are limitations 
with the personal computers that can be connected. In 
addition, a portion of the functions cannot be used 
because of poor compatibility with driver software on 
the dedicated LAN adapter with the network operating 
system and communication software. 


The important standard of data quantity 


No need to be wireless 


The quantity of data flowing through the network is an 
important consideration. The quantity of data changes 
with the number of users and the applications. For users 
handling smal! quantities of data, megabit-level products 
are probably sufficient. In contrast, high-speed products 
should be selected to transfer large-capacity files. 


As for the transmission distance, the size of the desired 
range for wireless service should be evaluated. In reality, 


however, the whole network does not have to be wireless. 
There are many examples of using cables for relaying. If 
a cable LAN for the backbone is laid out in the ceiling, 
products called the access point are installed in the 
backbone LAN to transmit data to separate locations 
through the cable. In this application, the transmission 
distance is barely relevant. 


Current products are classified into two uses. The first 
places importance on high speed and mobility from the 
cable. The second pursues ease in movement and in 
installation. In the first use, 19-GHz band or high-speed 
infrared products are connected to cables. While the 
second use leans towards products inserted in slots for 
the 2.4-GHz band or distributed infrared. 


Other major products are basically the same as NEC’s 
WaveLAN (see Table 4). One issue is the ability to use 
with the PC-9800. Products from NTT Data Communi- 
cations, Tokyo (Shiro Fujita, president) and Japan 
Victor extend over the transmission distance by using 
optical repeaters. Products from Technoquest in Tokyo 
(Toshio Hosaka, president) handle 10 Mbps and are 
inexpensive. In addition, there are product groups 
equipped with an RS-232C interface. These products can 
be used with printers in factories and offices. 


Table 5 shows products expected in the future. 2.4-GHz 
band, PCMCIA-compatible products will probably 
become core products and the manufacturers are already 
planning their investments. 
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Table 5. Trends at Other Vendors 





Commercialization Plans 





Epson Hanbai 


At the end of the year at the earliest, will invest in 2.4-GHz band products. Products will have PCMCIA inter- 
faces and transmission speeds from 500 Kbps to | Mbps. 





International Telecomet 


After the summer, will invest in 2.4-GHz band products. Products will have RS-232C interface and handle at 
least 256 Kbps. General Research of Electronics will perform research. 











Toshiba Plan to invest in 2.4-GHz band products after the summer. The interfaces will be PCMCIA and the AT bus. 
Transmission speeds of | to 2 Mbps are planned. 
Fujitsu Under development 





PCMCIA: Standard of the Personal Computer Memory Card International Association in the United States; Kbps = kilobits/second; Mbps = mega- 


bits/second 





Fiber-Optic Access Networks and Services 


94FE0548A Tokyo NTT R&D in Japanese 10 Feb 94 
pp 13-22 


[Excerpts] 
Abstract 


If telecommunication carriers are to remain viable enti- 
ties, they must construct sophisticated optical access 
networks based on Fiber to the House (FTTH). This 
paper discusses the fundamental issues for successfully 
implementing such networks. The basic concept of 
“Access Platform’”’ is introduced to provide service-rich 
environments. A network image based on this concept is 
presented with an outline of system requirements. Strat- 
egies for viable fiber deployment are discussed together 
with issues to be solved. 


Outline 


Heading into the 21st century, in order to build up an 
abundant telecommunications-service society, the con- 
struction of a fiber-optic network whica can flexibly and 
inexpensively provide a wide range of services is indis- 
pensable. This paper will discuss the concept of an access 
platform, the basic concept of an access network, and 
basic principles of the three systems needed for its 
construction; namely, the narrow-band region system, 
the wide-band region system, and the FDM distribution 
system. This paper will also discuss matters connected to 
access network facility management, service, and main- 
tenance operations systems. 


Next, this paper will discuss the actual introduction of 
fiber-optic networks. Specifically, along with making 
clear issues such as current thinking on introduction 
scenarios, the necessity of large-scale introduction, the 
practicality of FTTH, and the preferred regions for 
conversion to fiber optics, this paper will introduce 
examples of new services and present problems yet to be 
resolved. 


1. Introduction 


The communication industry has experienced rapid 
development. There are only a few years left in the 20th 
century, in which this industry has come to shoulder a 
part of the high-level information society, and it is 


anticipated that these few remaining years will bring 
about major changes for the communications industry. 


Specifically, several new groups are using media such as 
cable and wireless cable to continue to make full-scale 
penetration into the regional communication service 
field, which up until now had naturally been considered 
to be controlled exclusively by the communications 
carriers, and heated competition has broken out between 
these two groups. The users will determine the outcome 
of this competition, the key will be who can provide the 
broadest service over the most refined network for the 
best price. 


In order for those of us who are already in the electronic 
communication business to survive this competition, we 
must be ready to take some type of risks connected to the 
creation of a network which can provide abundant 
services. 


There is a method for keeping down the level of imme- 
diate risk. This is to adopt a pattern of providing 
specialized services and customized systems for the 
users. However, under such a system, service could not 
be provided at low cost, and it would be difficult to 
support a broad range of customers. 


The key to survival of this heated service competition 
will be the early construction of a ‘fiber-optic access 
network.” In other words, it is essential to, through the 
preparation of an extensive use service access system, 
provide experimental new services along with existing 
ones, while keep investment down to the lowest possible 
level. Of course, it goes without saying that many new 
problems will arise as we change over from a traditional 
metal-based system to a fiber-optic system. However, if 
we are not able to overcome these problems and fail in 
the construction of a “fiber-optic access network,” then, 
without fail, those of us in the electronic communication 
industry will be placed in difficult circumstances in the 
21st century. 


This paper will introduce topics such as a proposed 
fiber-optic access network that can compete favorably 
with other media, the composition of a system which can 
provide comparatively wide-ranging services, and a spe- 
cific scenario for the introduction of such a system. 
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Figure 1 
Key: |. Network Service Developments Corresponding to the Conversion to Fiber Optics; 2. Telephone Service; 3. 
Existing; 4. Station-to-Station Call Connectivity; 5. Vf(0.3-3.4 KHz) Band; 6. Unrestricted Access; 7. Unified Product 


Quality; 8. Primarily Single Circuit (Home); 9. Multi-Service; 10. Future; 11. Multiple Connectivity Capable; 12. 
Multimedia; 13. Limited to Regional Users; 14. Multiple Product Quality Plate; 15. Multiple Circuits. 





2. Access Net as a Service Platform 


For the past 100 years, users have become accustomed to 
telephone service based on analog transmission tech- 
nology, which was the most appropriate technology for 
metal cable transmission. However, it is believed that 
there is latent demand for new services that can con- 
tribute to the improving of the social environment. 


However, the problem is that it is impossible to foresee 
just what service will match up with that latent demand. 
Therefore, it is generally thought that, in order to 
observe conditions, the new service should have a “small 
start,” and that it is necessary to keep investment for the 
development equipment required for the access net as 
well as for the early-stage equipment costs down to the 
lowest possible level. On the other hand, such an access 
net would also have to have such flexibility so that, if it 
is a success, it can respond to expanded demand. Fur- 
thermore, the net will also have to rapidly respond to the 
capricious requests for service changes made by the 
users. 


In order to satisfy these requirements, the fiber-optic 
access network will have to be a system which can 
provide the capability for extensive access to a broad 
range of services, including services which will be added 
in the future. In order to accomplish this, at the time a 
new service is started, the necessary server or service 
node will have to be installed at the appropriate place 
and added to the net, therefore, the system will have the 
capability to immediately establish an access circuit and 
respond to user requirements by freely providing the new 
service. Let’s call the access net based on this concept an 
‘“‘access platform.” 


It goes without saying that the access network that will 
make up the access platform will not be something 
specialized to provide a specific service like systems 
existing today, but rather, it must be a system which, as 
a complete access link and in response to demand, can 


provide various access to various service circuits. 
Because of this requirement, the system cannot be com- 
posed of metal cable, but rather fiber optics are required. 


As shown in Figure |, the actualization of a access 
platform composed of a fiber-optic access network will 
greatly expand the variety of services provided. Also, 
this system will become a powerful weapon for the 
communications carrier, and will greatly contribute to 
that carrier’s ability to survive future competition. 


3. The Fiber-optic Network System and It’s Component 
Systems 


This paper will detail the outline of a proposed fiber- 
optic access network and it’s component systems. 


3.1 The Transmission System and Service Nodes 


The service nodes, which are made up by switching 
equipment and leased-line terminals, are generally to be 
placed at different steps in the net because of differing 
levels of demand. The function of the access net is to 
provide just the required number of circuits of necessary 
capacity when demand arises to connect these service 
nodes and the users. In order to perform this function 
efficiently and flexibly, the transmission system 
resources in the access net must be made to respond to 
extensive service use. 


A specific access net architecture model is shown in 
Figure 2. The access net is composed of two components, 
the loop net and the broadcast net. 


Regarding the loop net, specifically, this system, in 
response to service requests, delivers multiple circuits to 
the user through the subscriber link which is achieved by 
a connection between the SLT and the Optical Network 
Unit (ONU), with which each user is equipped. On the 
other hand, the transmission net provides only the 
required number of circuits of necessary capacity 
between the SLT and the various service nodes through 
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Key: 1. 


Services. 


A Network Architecture which Provides Multiple Services; 2. Service Node; 3. Transmission Node 
(MUX/XC); 4. Relay Broadcast Line; 5. Transmission Net; 6. Loop Net; 


7. Access Transmission Net; 8. Multiple 





use of multiple line cross-connecting (XC) equipment 
and multiplexing (MUX) equipment. In order to accom- 
plish this, the SLT must have the capability to accom- 
modate different service circuits between the subscriber 
link and the various transmission lines of the transmis- 
sion system. The SLT also must have the ability to 
cross-connect. 


3.2 The Development of Three Types of Loop Systems 


The concept for the loop system is shown in Figure 3. 
The numerous circuits which are allocated out to the 
various services are connected to the users through the 
SLT, where the signals for each user are multiplexed 
together. On the other hand, the signals headed to the 
relays are multiplexed together based on service type. In 
order to respond to various service types, the ONU is 
equipped with line cards, however, because these are 
built into the ONU main unit interface, this can be done 
slot free. 


If there were no restrictions on costs, it would be possible 
to establish a single extensive-use system that could be 
used by all the users, but, in reality, a few different series 
of systems must be prepared. This is because of the 
following two factors. 


First: Depending on the user, many differences arise 
regarding the combination of services and their number. 
For example, in the case of big business users, there will 
be many who will request services such as leased lines, 
frame relay, and packet relay, on top of several hundred 
phone circuits. On the other hand, a majority of residen- 
tial users will only request a single phone circuit, or at the 


very most, ISDN service. Systems with different capa- 
bilities can be used to respond to the needs of these two 
user groups. From a cost perspective, this is a more 
effective response. 


Second: There is a difference between a communication 
service and a image distribution service. Image delivery 
service is, basically, one-way communication that has 
the characteristic of having a very large throughput 
capacity. Furthermore, if communication service is the 
basic service, then image distribution would be an addi- 
tional service. Above that, there is the question of 
whether or not cable television (CATV) service can be 
supported without major changes to its terminal and 
center systems. In other words, coaxial CATV uses 
frequency division multiplexing (FDM), which is dif- 
ferent from the baseband digital tone modulation 
method normally used for communication. It would be 
difficult to achieve a unification of these two systems. 


Considering the points listed above, it would be appro- 
priate to prepare the three system series as shown in 
Figure 4. Concrete system architecture is shown in 
Figure 5. The narrow-band region system covers small 
users, such as small-scales businesses, apartments, and 
regular residences, and would supply extensive services, 
starting with telephone service, to a narrow-band region. 
In order to accommodate this kind of small user eco- 
nomically, this system would use the Passive Double 
Star (PDS) transmission method, which utilizes fiber- 
optics and time-compression multiplexing/time division 
multiple access (TCM-TDMA) technology. The wide- 
band region system would cover primarily large busi- 
nesses and would have the ability to basically provide all 
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Figure 3 


Key: |. The Flexible Supply of Existing and New Services; 2. User; 3. Line Card Compatible; 4. Frame Relay; 5. Image 
Distribution; 6. Card: Line Card; 7. Facility Center; 8. Multiple Service Editing; 9. Frame Relay; 10. Cell Relay; 11. 
Image Distribution Facility; 12. Leased Line Facility; 13. Remote Control; 14. Operation Center. 
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Figure 4 
Key: 1. A Look at the Loop Systems Under Development by NTT; 2. Image/HDTV; 3. ATM; 4. High-Speed Leased 
Line; 5. Cell Relay; 6. Frame Relay; 7. ISDN; 8. Leased Line; 9. Telephone; 10. Distribution System; 11. Wide-Band 
Region System; 12. Narrow-Band Region System; 13. CT/RT System; 14. Wireless System; 15. Outdoors; 16. 
Large-Scale Business; 17. Small-Scale Businesses/Apartments; 18. Shops/Homes. 
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Figure 5 


Key: 1. A Multi-Service Providing Fiber-optic Loop System; 2. Residences/Shops; 3. Apartments/Small Businesses; 4. 
Large-Scale Business Buildings; 5. Narrow-Band Region and FDM Supply; 6. Wide-Band Region; 7. Mobile 
Communications Area; 8. FDM Wireless; 9. Transmission Net; 10. Service Node; 11. Operation Center. 





communications services, including those services cur- 
rently provided as well as new services. This system 
would use ATM technology, which has the ability to 
flexibly demultiplex multiple circuits of various capaci- 
ties. The FDM system would be used primarily for image 
distribution, starting with CATV service, and because it 
would use Wavelength Division Multiplexing (WDM), it 
could be carried on the fibers of both the narrow-band 
region system and the wide-band region system. Because 
this system will utilized the fiber wide-band region 
system, compared to coaxial CATV, it will be able to 
provide a higher level of service. 


3.3 Improving Reliability and Operations Systems 


The cost of transmission cable used by metal-cable 
systems is high, and therefore, implementing redun- 
dancy and the construction of multiple routes for the 
purpose of increasing reliability or removing transmis- 
sion obstacles was a difficult proposition economically. 
However, because the many circuits in an optical fiber 
system can be multiplexed, the transmission line cost is 
small, and therefore, redundancy and multiple routes are 
possible without the imposition of prohibitive cost. 
Because of this, it is possible for such systems to provide 
highly reliable service with stable quality. 


Based on the above-mentioned high reliability factor and 
the planned practical labor-saving aspect of this system, 
and in order to achieve a multiple service environment 
discussed earlier, the installation of an operation system 
to manage the net’s various systems is indispensable. As 
shown in Figure 6, the operation system is divided into 
sub-systems, such as the facility operation system which 
would manage access system equipment and network 
resources, the business operation system which would 
respond to maintenance and construction operations, 
and the service operation system which would manage 
service. As stated above, these systems will be modulized 
by function as well as by unit composition, and because 
the interfaces will be standardized, it will be possible to 
carry out, through upgrading and modernizing, an 
increasing of the functionality of each module. More- 
over, with the introduction of fiber-optic subscriber 
systems, in addition to the operation system managing 
the existing fiber cable equipment and switching equip- 
ment, the installation of an access-equipment operation 
system, which would manage systems such as the fiber- 
optic subscription access system equipment as well as 
circuits, will also become indispensable. It goes without 
saying that the main operation system will connect and 
regulate the business operation system and the service 
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Key: |. Improving Reliability and the Operation of a Fiber-Optic Network; 2. Distribution System; 3. Base-Line 
System; 4. Redundant Link; 5. Backup Power Supply; 6. Operation System; 7. Circuit Management; 8. Line 
Management; 9. Loop System; 10. Transmission System; 11. Distribution Line System; 12. Base-Line System; 13. 
Inter-Exchange; 14. Loop Constitution; 15. Service Management; 16. Redundant Members; 17. Leased Lines. 





operation system as well as the data net, and will seek to 
maintain flow-through between the various units. 


4. The Development of the Fiber-optic Access Network 


4.1 Two Scenarios 


Two scenarios can be considered with regard to the 
introduction of fiber optics for the subscriber systems. 
One way is to proceed with the construction of the fiber 
system keeping place with demand, and the other 1s to 
upgrade all of the metal cable to fiber, area by area, in a 
planned, systematic manner. The estimated costs for the 
conversion of NTT’s entire network to fiber is given in 
Figure 7. This example is put together based on a 
presupposed set of services to be provided. Both sce- 
narios presume a total conversion to fiber by the year 
2015. The example shows that, regarding the required 
cost to convert the entire system to fiber, that adoption 
of the latter suggestion is more advantageous. 


In fact, the choice is not an either-or situation. The best 
policy will probably be to choose the scenario that best 
responds to the needs of the region. For example, in 
business centers and large-scale industrial regions the 
most appropriate scenario would probably be the one 


calling for systematic upgrading. Furthermore, the same 
would also be true for residential areas where CATV and 
other distribution services will be carried out in a large- 
scale manner. However, in regions where there will be 
only sporadic demand for wide-band region services, it 
would be most appropriate, at first, to install fiber-optic 
systems in response to demand. In such cases, they will 
have the choice of either wireless or high-speed metallic 
transmission methods. 


4.2 The Indispensability of Large-Scale Introduction 


Up until now, fiber-optic transmission technology has 
been used mainly in relay transmission systems. In the 
future, in order for this technology to be incorporated 
into subscriber systems, it will be necessary for it to 
become more economical. In order to make this tech- 
nology less expensive, of course, there is technological 
development, but it also will be necessary to achieve 
mass production, and large-scale system introduction. 
The relationship between making this technology more 
economical and large-scale system introduction is like 
the question, “Which came first, the chicken or the egg?” 
In order to break the loop, it is necessary to make the 
decision to go forward with large-scale system introduc- 
tion. 
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As shown in Figure 8, based on the premise of system 
introduction in the order of 10 million circuits, it would 
be possible to bring fiber-optic subscriber systems to the 
market at a cost that could compete with the cost of 
multiple-circuit metal telephone systems. 


4.3 The Practicality of FTTH 


Many people recognize the fact that Fiber-to-the-Curb 
(FTTC) systems are more economical than Fiber- 
to-the-Home (FTTH) systems, however, because FTTH 
makes use of Optical Network Units (ONU) in the 
houses, the extra cost can be mitigated by the fact that 
these systems have sounder constitution and are less 
susceptible to outage due to lightning strike. Moreover, 
on the terminal side, the length of the metal lines will be 
limited to around 20 meters, and it is believed that it will 
be possible to make this very easy to test. Moreover, in 
the case of FTTC, service will become a heavy burden, 
because, in most cases, it will be necessary to service 
equipment outside of the house. The number of circuits 
that can be accommodated by an ONU 1s small and, as 
more ONUs are added, the cost will increase. However, 
all of the advantages of FTTH can be considered com- 
pensation for the extra cost. Furthermore, if you con- 
sider the fact that the system will be the interface for new 
services, FTTH is comparatively more desirable than 
FTTC. For all of the reasons listed above, we conclude 
that FTTH should be adopted. 
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4.4 Thoughts on Important Regions for Conversion to 
Fiber Optics 


We have discussed systematic conversion to fiber-optic 
systems, the importance of large-scale introduction of 
such systems, and the necessity of FTTH. Finally, we 
would like to touch upon the thinking on the priority 
ranking for the conversion to fiber optics. 


If service to be provided is limited to the provision of a 
single telephone circuit, then metal cable systems are 
more economical that fiber-optic systems. However, one 
must consider all of the demand in a given area. For 
example, there are many areas which include apartments 
and business users. If you consider ONU equipment 
units, which include buildings and offices, there are 
many areas that will have a high demand, based on the 
number of circuits per building. In such areas, even 
though it would not be economical for individual resi- 
dences to convert to fiber independently, given the fact 
that there are many users 1n the area for which it would 
be effective to convert to fiber, there are many areas for 
which it would be profitable to convert the entire area to 
fiber optics. To say it another way, areas can be charac- 
terized by the average number of circuits per building, 
and in this way, it would be possible to determine the 
priority order of regions for conversions to fiber. 


The conversion of residential areas to fiber optics 1s, at 
present, economically very difficult. However, the 
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Key: 1. Example of Regional Communications Services Through a Partial LAN (communication between classmates), 
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number of telephones per house is increasing (currently, 
over half of the houses [in the country] have more than 
two telephones) and the number of users who have two 
circuits is likewise continuing to increase (currently, this 
figure is around 10%). Moreover, considering the esti- 
mates of the future spread of video distribution services, 
such as CATV, it can be conjectured that the conversion 
of residential areas to fiber optics will become econom- 
ically favorable in the near future. 


5. The Development of New Services 


Because adequate surplus circuits will be included when 
subscribers’ circuits are converted over to fiber, there 
will be almost no additional costs for new facilities or 
construction when new services are developed. Bearing 
this fact in mind, many regional services become pos- 
sible. 


One such example is shown in Figure 9, in which a 
local-area network (LAN) server is set up, and a suppo- 
sitional LAN (partial LAN) is developed. For example, 
as shown in this example, a LAN connecting a school 
teacher and the children in the class can easily be 
established. 


Another example is shown in Figure 10. This is an 
example of a data distribution service, in which it is 
imaged that all of the data from news centers, home 
shopping centers, and CD-ROM libraries throughout the 


country 1s gathered into regional distribution centers, 
where images and information are multiplexed together 
and provided as a regional service. 


In these regional nets, along with the introduction of 
fiber-optic access networks, through the active incorpo- 
ration of ATM technology, it will become possible to 
establish new fee-for-use systems. Ii is hoped that such 
services can be developed that will have great appeal for 
the information providers, not to mention the users. 


6. Future Issues 


In order to achieve the “Multi-Service Era,” along with 
establishing the fiber-optic access network, it will be 
necessary to consider the following points. 


First is the issue of service development. As stated in 
section 5 above, it is possible to provide plentiful circuit 
capacity for the fiber-optic access network at a very low 
cost. It is necessary to develop services to use up this 
capacity. 


The second point is standardization. As stated above in 
section 4, it is absolutely necessary to keep fiber-optic 
network construction costs down through large-scale 
introduction. International standardization of optical 
fiber devices, which are the key to the system, would be 
useful in keeping the costs even lower. 
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The third point is the relaxing of regulations. Advance- 
ment of the technology will be propelled by competition 
between providers in the subscriber areas. Furthermore, 
the line between communication and broadcasting is 
continuing to blur, and in the future, free competition 
will be indispensable in order to build an environment of 
abundant communications services for the users. Along 
these lines, it is desirable that restrictions be relaxed. 


The forth point ts security and reliability. With the 
development of a service-rich environment through the 
creation of a high-level communication net, based on a 
fiber-optic access network, society will become even 
more dependent on communications. Therefore, it goes 
without saying that the communications net should have 
a high degree of reliability. Furthermore, high security 
will be required to ensure the protection of the privacy of 
the users as well as to protect secrets. In this regard, it 
will be necessary to fully develop this technology. 


7. In Conclusion 


In order to survive heated competition with various 
media and provide rich communications services to the 
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users, the electronic communications industry must 
build a fiber-optic access network which can provide a 
wide range of services at a low cost. 


This paper introduced the concept of the access plat- 
form, which is the fundamental principle of the fiber- 
optic access network, and also the concepts behind the 
three types of systems necessary for its construction. 


Next, we discussed an actual fiber-optic access network 
introduction scenario, the necessity of large-scale intro- 
duction, the feasibility of FTTH, and the thinking on the 
prioritization of regions to be converted to fiber. Fur- 
thermore, examples of new services and problems yet to 
be solved were discussed. 


Through these discussions, we think that we have given 
adequate outlook on the issues of the required techno- 
logical developments and cost-cutting measures needed 
to build a fiber-optic access network. We are hoping for 
the day to come shortly when full-scale construction of a 
fiber-optic access network will commence, and we can 
turn towards a century of mch information communica- 
tions. 
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